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wasce  to  bloaolids)  from  Falcn  Gaach  Councy  wara  ganarally 
above  background  levels  for  surface  soils  lo  Florida,  they 
ware  two  to  three  orders  of  magnitude  lower  than  clean-up 
goals  currently  used  by  Che  Florida  Department  of 
Enviconnental  Protection  and  federal  regulations  governing 
land  application  of  sewage  sludge  as  described  in  40  CFk  Part 


Phase  II  of  this  study  investigated  Che  face  of  mercury 
in  simulated  landfills  and  found  chat  the  bulk  of  the  Hg  added 


if  Hg  volatilized  during  anaerobic  digestion  reanged  from  over 
OV  at  the  lowest  Hg  level  (100  ng  Hg  per  SO  g eolid  waste)  to 
bout  3%  at  Che  highest  Hg  level  (ZOQOng  Hg  per  SO  g eolid 
forms  of  Hg  other  than 


elemental  or  divalent  Hg  were  volatilized.  These  ocher  forme 


were  thought 


quite  possibly 


including  dimechylmercury. 

Sulfur- impregnated,  activated  charcoal  was  used  to  trap 
Hg  volatilized  during  anaerobic  digestion,  A modification  of 
EPA  Method  ?4Ti  successfully  recovered  >98V  of  the  Hg  trapped 


9 ioipllcated  landfills  as  a pocencial  source 
of  mercury  Co  the  atmosphere.  Further  research  should  focus 

atmosphere  from  landfills  and  identifying  chose  stages  during 
SH  chat  Hg  is  most  likely  CO 


The  overall  objective  of  chie  project  w 
the  face  of  mercury  {Hg}  in  a municipal  solid  waste  (MSW) 
landfill  and  Co  establish  its  potential  for  impacting 

metals  in  existence.  It  is  present  in  the  atmosphere,  aquatic 
systems,  terrestrial  systems,  and  biota  chat  exist  within 

gaseous,  liquid,  and  solid  phases, 

^Studies  have  confirmed  chat  anthropogenic  a< 
increaeed  the  input  of  Hg  c 

Pirrone  ££  al,  (1996)  have  s 
developed  countries  increased  a' 

developing  councriee,  emiasions  have  steadily  climbed  a 


per  year.  Mercury  is  present  in  fossil 


is  need  for  more  data  to  allow  for  the  establiehnenc  of 
threshold  levels  in  SM.  Currently,  stabilised  MSW  residues 

were  developed  for  sewage  sludge.  Mercury  ranks  as  number 


three  on  the  EPA’s  toxic  substances  list,  behind  lead  and 
arsenic.  Since  Hg  is  one  of  the  most  harmful  heavy  metals  in 
the  environment,  the  face  of  Hg  in  MSN  should  be  known. 

establishment  of  sampling  protocols  and  regulations 
speclficelly  for  Hg  contained  in  SW  residues. 

Several  Hg-containing  components  enter  the  SH  stream  on 
a daily  basis,  and  eventually  make  their  way  to  MSN 
landfills.  Fluorescent  lights,  Hg-vapor  lamps,  src  lamps. 


coaclng,  aTiialgant,  and  eleccrlcal  apparatus 


Solid  and  Hazardous  waste.  1995;  Tchobanoglous.  1993; 


SceinwachB,  1990} . 

Research  has  established  chat  Hg  binds  strongly  to 
organic  natter.  There  is  a significant  proportion  of  organic 

existing  in  a landfill  will  be  bound  to  it.  Bacteria  conmonly 

these  bacteria  contribute  Co  raethylmercury  production.  Thus, 
volacilisaticm  of  dinechylnsrcury  and  elemental  Hg  from 
landfills  could  make  a aignificant  contribution  to  atmospheric 
, Hg  emissions.  It  has  also  been  shown  Chat  inorganic  mercury 

enieeiona. 


landfill,  a study 


understand 


concentrations  in  sw 


following  objectives; 


various  depths  over  a five-year  period  from  the  Alachua 
County  SW  Landfill  in  Florida. 

(2)  Evaluate  the  potential  for  Hg  present  in  landfills 
Co  be  volatiliaed  and  released  CO  the  atmosphere. 

These  objectives  were  aocomplished  in  two  phases.  In 
Phase  1.  total  Hg  levels  in  residues  from  the  Alachua  Councy 
landfill  were  determined.  This  landfill  has  been  in  existence 


since  the  early  1970 's  and  has  been  Che  primary  recipient  of 

residue  samples  from  the  Alachua  Councy  landfill  had  been 
collected  and  scored  during  previous  studies  (Miller  fib  al. . 
1990;  Miller  fiL  Al. . 1994) . These  samples  were  analyzed  for 

representative  of  landfills  created  by  many  other 
municipalities  around  the  Southeastern  united  States. 

In  Phase  II,  the  fate  of  Hg  occurring  in  a landfill  was 
studied  using  laboratory-scale  anaerobic  digester  to  which 


diecribution  of  Hg  between  leachate,  solid,  and  gae  phases  was 
occurring  in  chess  snall-acsle  digesters  s 


representative  of  those  that  occur  in  landfills  similar  to  Che 
one  in  Alectaua  CounCy. 


cerc&i.n  locacions  in  tbe  world  auch  as  Spain,  Yugoslavia, 
Italy,  Peru,  Mexico  and  the  American  Concinenc,  mercury  ia 
found  in  impregnated  echiet  or  elate  and  ae  geodee  of  liquid 
mercury.  Mercury  ie  alec  found  in  nature  ae  the  oxide  and  the 
aelenide  and  in  cornbination  with  a number  of  minerals  auch  as 
quarts,  dolomite,  chalcedony,  calcite,  and  pyrite.  Mercury  ia 


3 responsible  for  the  dispersion  of  mercury  sre  HSH  ' 
rs,  medical  waste  incinerators,  fossil  fuel  burning, 

dental  amalgam  restorations  (Hicra,  19SS)  , In  the  early  ‘90s, 
it  was  reported  that  the  ingestion  of  elementai  mercury  (Hg*} 
from  dental  amalgams  caused  renal  damage  in  laboratory  animals 
{Barkay,  1992]  , Kunkel  et  al,  U99S)  studied  the  fate  of 
mercury  in  dental  amalgams  and  determined  that  soluble  mercury 
was  never  detected  in  a treatment  plant  beadworks  probably  due 

Mercury  levels  and  discharge  in  wastewater  from  dental  clinics 
in  Denmark  was  investigated  by  Arenholt-Bindslev  and  Larsen 

of  270  mg  Hg/dentiet/day  while  those  equipped  with  amalgam 


eeparacora  had  a mean  value  of  35  mg  Hg/dentlsc/day.  Several 


. Nllheln  fit  fii<  (1996)  acudied  biological  nonicoring  of 
mercury  vapor  exposure  in  dencal  acudencs  by  acalp  hair 
analyela  in  compariaon  to  blood  and  urine.  Ic  waa  concluded 


mercury  provided  c 


(CHiHg*) . phenylmeroury  (CiH^Hg")  , achylmercury  (CKiCHjHg']  . 
These  affect  human  health  in  one  way  or  another.  'Metallic 


mercury  occurs  through  the  kidneys^  liver  (ae  bile), 
inteecinal  mucoaa,  sweat  glands,  and  salivary  glande. 


Inhalation 


for  Qi«rcury  vapor.  Tha  lungs  are  able  co  absorb  the 


Microbes  nechylace  inorganic  cnercury,  generally  under 
anaerobic  aondicions,  to  produce  mechylmercury  IKitra.  19SS)  . 
Pish  and  shellfish  provide  the  major  source  of  intake  by 
humans.  Methylmercury  is  rapidly  absorbed  from  the 
gastrointestinal  tract  of  humans  and  attacks  Che  central 
nervous  aystem.  It  is  only  slowly  excreted.  The  main  route 


about  ten  times  higher  than  that  in  urine. 

disorders,  concentric  constriction  of  the  visual  fields, 

well  as  "mental  disturbances"  often  referred  Co  ae  Minamata 
disease.  In  the  most  severe  case  in  adults,  specific 
anatomical  areas  of  Che  brain  are  damaged.  The  damage  ie 


irreversible  because  neuronal  cells  are  deacroyed  (Fitzgerald 
and  Clarkson.  1991}.  Pregnant  woraen  are  spared  froia  poisoning 

barrier  Co  accumulate  in  their  unborn  children  instead,  chue 
causing  teratogenesis  and  damage  of  their  central  nervous 
systems  (D'icri  and  D'itri.  191?). 

Special  precautions  must  be  ca}cen  in  the  laboratory 
during  the  handling  of  mercury,  especially  the  organic  mercury 
forms.  The  death  of  Che  Darcmouch  professor.  Dr.  Karen 


not  adequately  protect  the  skin  from  absorbing 
dinechylmercury. 

The  rose  notable  mechylnercury  case  on  reoord  occurred  in 


deaths  of  aquatic  and  terrestrial  organisms.  Then  the 
synpeons  mentioned  above.  It  was  concluded  chat  these 


eympeome  were  caused  by  people  eating  fish  and  shellfish 
contaminated  loy  nathylmercury,  the  source  of  which  was  Hg  chat 
was  discharged  in  Che  wastewater  from  the  Chisso  plant.  This 
plant  manufactured  aceteldehyde  and  Che  reeulcing  waste  which 


d Inorganic  mercury  had  been  concinuoualy  dumped  into 
Hinamata  Bay  since  the  1930'a.  In  Che  sediment,  the  inorganic 
mercury  was  transformed  to  mechylmetcury  and  it  eventually 
accumulated  in  the  fish  {Pujihi  and  Tajima.  1992;  D'itri, 


In  the  biosphere,  elemencal  mercury  has  a high  vapor 
pressure  (Henry’s  constant,  HaQ.3]  and  a low  aqueous 
solubility  of  6 x 10'*  g/lOD  ml  water  at  25*C.  Mercuric  ion 
has  a low  vapor  pressure  (H  < 10~*)  and  a high  aqueous 
solubility  of  7.«  g/lOO  ml  cold  water  (for  KgCl,)  . It  forma 

form  strong  bonds  with  inorganic  and  organic  ligands.  Organic 
mercury  conaiats  of  highly  stable  C-Hg  bonds,  is  very  soluble 


through  membranes . 
Mercury  has  tb 


apor  preaaure  of  mechylmereury 
LO  7 but  the  vapor  pressure  of 


da  tightly  to  iron  C9e) , aluminum  CAl) , 
(HnO]} , hydroxides  (OH) , clay  particles 
has  a great  affinity  to  aulfur  (HgS) , 5H* 


Mercury  in  ch»  ^r^loBphe^g 
i ecmosphere,  raercury  mey  exist  in  the  gaeeous 


phase,  the  aqueous  phase,  i 
Components  of  Che  paseoue  p 
mercuric  chloride  (HgCl,) , 
monoallcyl  derivatives,  au 


solid  particulate  phase, 
elemental  mercury  CKg*} , 
hydroxide  { (Hg (OH);} , 

(CHjHgCl) , and  dlallcyl  derivatives,  such  as  dimethylmercury 
C(CK3)]K9).  The  aqueous  phase  typically  includes  HgCl:, 
HgtOH),,  and  sultices  ISO,);  and  in  the  solid  particulate 
phase,  there  are  mercuric  oxide  (HgO)  and  mercuric  sulfide 
(HgS)  (Seigneur  ai.,  1994;  Schrosder  ££  aI*  i991;  Nriagu 
and  Davidson,  198S)  . Concentrations  of  Hg  species  in  the 
atmospheric  environment  are  quite  varied.  Typical  gas  phase 
concentrations  for  Hg*  range  from  2>S  ng/m^  and  liquid  phase 
concentrations  range  from  6-37  x lo-*  ng/L,  In  the  case  of 
inorganic  n«rcury  (Hg*']  , the  cyplesl  gas  phase  concentration 
ie  in  the  range  0,09-0.19  ng/m*  and  the  typical  liquid  phase 


'f  atmospheric  Hg  exists  1 


years  (Gusein  fit  al.,  1996!  Peceraan  fit  al-,  1995;  Nater  and 
Grigal,  1992).  Seigneur  at  al.  (1994)  have  recently  shown 
chat  global  atmospheric  budgets  of  Hg  indicate  a Hg*  half-life 


approximately  a 2V  increase  in  Hg  deposition  rates  in 
Minnesota  and  Miaconsin. 

Acmosnharic  mercury  BQurces 

(1989)  stated  that  volcanoes  and  fumaroles  are  responsible  for 

dusts,  forest  fires,  and  seasalt  sprays  account  for  less  than 
lOV  of  Hg  released  from  natural  sources.  Natural  degassing 
rates  of  Hg  on  regional  or  global  scales  hav. 
to  range  from  0.02  to  0.03  ug/n*  h (Lindberg, 


anthropogenic 


Nrlagu  and  Davldaon^  1986)  . Major 
include  fosail  fuel  coiobuBCion,  particularly 

M5W  incineration),  and  fuel  wood  conbuBtlon.  Pacyna 

atooepheric  Hg  pollution,  accounting  for  5S^  ol 

y pollution 


Atmoaohane  species  and  aeaotlona 

Many  chemical  species  Chat  are  Involved  in  atmospheric  Hg 

(2Qppt)  ; I|,  HI  (0.3  ppt)  ; HCl  (0.01-2.0  ppb)  j O,  (0.02-0.40 
ppm);  OH  (0.04-0.4  ppt);  NO,  (<-l  ppb-0.5  ppml ; SO,  (0.003-0-1 
ppm);  H,S  (0.0-0-01  ppm);  N,0  (300  ppb);  NH,  (0.015-100  ppb); 
K]0]  (<ippb);  0,  (2.09  X 10*  ppm);  and  Cl,  (0. 0-8.0  ppb) 
(Seigneur  ££  a) . . 1994) . 


ehovd  gas  phase 


atmosphere  (Seigneur 


et  al . . 1994).  Aqueous  phase  reactions 
fogwater,  cloudwacer,  and  other  torms  of 
3 2-2  shows  aqueous  phase  reactions  of  Hg 


In  freshwater,  chlorides  (Cl*)  and  hydroxides  (0H‘)  are 
the  main  species  existing,  lout  sulfide  (S’*)  nay  also  be 
present.  Elemental  Hg  and  dinethylnercury  (DMHg)  are  oxidized 
in  the  atmosphere  to  water-aoluble  species,  such  as  Hg*'  and 


(Clar)cson 


Table  2-1.  Oas  Phaae  Reaeclona  of  Mercury 
' ^ Equilibrium  or 

Race  Parameter 

Reaction  (cmVmolecule.e) 


(1)  Hg*(g)*0>l3l--=-Hg(iri  (gl 

12)  Hg”(g)tCl,(g)-->HgCl,(g) 

13)  Hg'lg)»Br, tg> --eHgSr, (g) 

(4)  Hg-(g)*I,(g)-->HgIi(g) 

(5) 

(«)  Hg°(3)*2MO,(3)-->Hg(NO,),lB,g) 
n)  Hg"(g)*HCl(gt -->products 
18)  2Hg'(g)-0,  (gl  -->2HgO(B,g) 

18)  Hg*(gl*SO,(g) --»productB 
(10)  Hg*(g)  »H,S  Ig)  — »producC8 
(llJHg*(g)*NiO(g)  --»producca 
1121Hg”(gl*NH,  (g)  -->producca 
113)Hg*  Ig)  *2HI  (gl  (g)  • Hj  (g) 

(l41Hgcl;(g)  -->ptoduet8 
1 15 1 Hg  (OHI , Ig)  - ->pcoducte 


Ele  action 


(1)  Hs,’-  «-->Hg*(aq)*Hg*- 

(Z)  B9*(aq)-^(aq) -->Hg(il)  <ag)-^ 


O)  Mg*(aq)tZHC10(aq)'>3H''>2e- 
-->Hg'-fZCl-2HjO(l) 

44)  Hg*4aq) -fFatacecic  acid  or 
n-chloro'paroxybensoic  acid(aq) 
or  Hr 

(S)  Hg“(aq)tHA(aq)-->HgO(s)» 


(81  Hg(SO,),‘'— >Hg‘ 

(9)  HgSO,(aq)t  SD,'<- -»Hg(SO,) 


not  available 


not  available 


aO)Hg’-*SO,’-«-->Hgso,(aq) 

4 1 1 1 HgSO,  (ag)  - - >Hg*  ( aql  tSO. 

(l3)Hg(OHI,(aq)--»Hg«(aq) 
(141IigCl,(a)<-->HgCl,  (aq) 
US)HgCl,(aq)e--.Hg‘-*2Cl- 
(ISlHgCl,  (aq)  <-2Cl  < — >HgCl, 


not  available 


available 


2.  ftgueoua  Phaae  ReactienB  ot  Mercury  (continued) 
Squili^riun  or 

Reaction Rate  Paraineter 


(iT)Kg(OHI,<e)<-->U9(OH),(aq) 

(ia)HSt0HMan)<...Hg>-.20H' 


3i1  . 19B4)  . JMarcury  bioacoimulaCeB  In  aquatic  organiama  by 
three  prooessea,  uamely:  [1]  from  the  water  via  respiration 
(e.g.  over  the  gills),  (2)  by  absorption  of  water  from  the 
body  surface,  and  (3)  by  ingestion  of  food  (D'Xtri,  1991), 
The  uptake  of  Kg  through  the  aquatic  food  chain  is  an 
extremely  important  route  of  bioaccumulation.  Mercury  tends 


Methylation  of  Hg  is  a major  step  in  biogeochemlcal 
cycling.  Sediments  are  a part  of  Che  aquatic  system,  and  are 
an  active  site  for  Hg  methylation,  being  the  primary  sink  for 
Kg  released  into  the  environment.  In  the  sediment, 
a variety  of  microbes  transform  the  Inorgsnic  Kg  into  KMKg  and 


extracts  of  nethanogenic 
methylated  Kg.  .Other  atur 
Neurospora  app.  (x^ndner,  197: 


and  Clostridium  cochlearium 
he  methylation  process,  as 


wall 


gram*negative 


gram  positive 


iaolated  from  rivor  sediment  {Hamdy  and  Noyes.  1975J . vonK 
and  SijpeatBin  (1973)  iaolated  Pseudomonas  and  Baclliue  from 

soli.  Bacillus  megaceriun,  and  fungi.  Gilmour  SL  al.  (1992) 

the  methylaeion  of  Hg.  Therefore,  it  can  be  stated  that  the 
ich  methylate  Hg  are  facultative  aerobes  and 
d sulfate-reducing  bacteria. 

' Mercury  that  is  buried  in  deeper  layers  of  sediment  ie 
not  available  for  methylation  unless  it  is  disturbed. 

two  centimeters.  Larger  freshwater  organisms,  such  as  mussels 

Three  methylating  coentymes  in  biological  systems  are 
stated  Co  participate  in  eneynatic  methylation.  These  are  (1) 
S- adenosylmechionine , [2)  -methyltetrahydrofolate 

I (3)  methylcobalamin  (D'itri  at  ai.,  1979). 


Shapiro  anfl  Sehlenk  (19S5)  and  Ridley  at  al-  (1977)  discovered 
that  S-adenoaylinetbionine  and  IP-methyltetrahydroEQlsCe  could 
noc  traaafer  mechyl  groups  Co  mercuric  ions  because  they  were 
only  able  to  transfer  a methyl  group  as  aij*.  a carbonium  ion. 
Mechylcobalamin  is  able  to  transfer  a methyl  group  to  an 
inorganic  mercuric  ion-  It  can  transfer  groups  as  a earhanion 
(CH,-)  and  a mechylradieal  (CH,  ) to  produce  KMHg  and  DMHg 
under  aerobic  and  anaerobic  conditions  (Wood.  1974] . 

cells  and  Chen  to  fatty  tissues  where  it  may  be  retained  for 
up  to  two  years.  Fish  and  shellfieh  provide  the  major  source 

In  humane,  MMHg  is  rapidly  absorbed  by  the 
gastrointestinal  tract  and  attacks  the  central  nervous  system, 
when  mHg  combinee  with  tissue  it  ia  stable  and  is  very  slowly 
degraded  or  excreted  from  the  body  (Mitra,  I986i  Barkay, 


(Micra,  1986).  Studies  with  radioactive  MHHg  have 


(Hammond, 


•chvlatinn 


Metbylmercury  le  slowly  ds^raded  because  of  Cbe  high 


stability  o 

£ Che  carbon-mercury  (C-Bg)  bond.  The  low  polarity 

Ch  low  affinity  of  Hg  Co  oxygen  decreases  the 
hydrolytic  cleavage  of  Che  strong  bond.  The  means 

by  which  MKg  is  degraded  is  by  che  slow  process  of  pcocolycic 
attack  on  Che  C-Kg  bond,  clackaon  ££  al.  [1954)  reported  that 
the  deoethylation  of  MKg  in  Che  water  phaee  Is  oarried  out  by 


a variety 

of  mlcroorganlsna  in  two  enzymically  mediated 

the  methyl 

group,  and  i2)  reductase  enzymes  convert  ionic  Hg 

CO  Hr  whit 

:h  can  dlffuee  into  the  atmosphere.  The  equation 

H,-Hg > CH,  - Hg"' > Hr 

The  enzyme,  organwnercurlal  lyase,  which  Is  produced 


bacteria  ii 

1 sediments,  soils,  and  waters,  can  speed  up  thie 
)'  fold  (Barkay,  1992) . Thus,  other  authors  have 

implicated 

a two  step  denethylacion  procedure  involving 

che  C-Hg  bond  by  organomercurlal  lyase  to  produce 
ic  Hg,  followed  by  reduction  of  the  ionic  Hg  to  Hr 

by  the  entyme, 
ml . . 1991;  Nakamura  e£ 


reductase  (Barkay;  1992;  Oremland 


! CH.  - Hg*-.. 


found  to  be  chromoeomally  encoded  in  specific  bacterial 
genera,  namely  staphylococcus  aureus  and  Bacillus  app. 


inorganic  Hg,  even  though  there  ace  small  amounts  o£  MHg 
(Winfrey  and  Hudd,  1990).  in  aerobic  vatecs,  Hg^'  vill  complex 

vich  dissolved  organic  carbon  (DOC)  or  attach  to  particulate 

complex  with  sulfides  and  precipitate  as  mercuric  sulfide 
(HgS] . Particle-bound  Hg  reacts  with  sulfides  and  is 


converted  to  insoluble  HgS  which  Chen  settles  out  of  Che  water 
column  onto  the  sediment.  In  the  presence  of  hydrogen  sulfide 
(H,S1  , MHg  will  form  mechylmerouric  sulfide  (ca,Hg)jS  which 
decomposes  to  HgS  and  CMHg  (<CH,)iHgl  which  tends  to  volatilise 
(Winfrey  and  Rudd,  1990j  and  Iverfeldt  and  Lindgvlst,  19B6) . 

Gilnour  St  Si-  (1992)  found  the  highest  MHg 


t the  eediment-water  interface  and  in 
shallow  sediments-  Sulfate-reduction  rates  were  also  highest 
at  the  sediment -water  interface,  thus  confiming  chat  sulfate- 
reducing  bacteria  are  important  in  the  methylatlon  of  Hg. 
Clarkson  s£  si-  (1984)  stated  Chat  inorganic  Hg  nechylatlon 
rates  by  microorganisms  are  pH-dependenc  with  the  greatest 
amount  of  MHg  being  formed  at  pH  levels  lower  then  6.  Higher 
pHs  yield  K4Hg  which  ie  volatilised.  Bloom  st  Si-  (1991) 
studied  Che  impact  of  acidification  on  the  MHg  cycle  of  remote 
seepage  lakes.  Hethylmercury  concentrations  were  meaeured  in 
Che  water  of  five  pristine  lakes  which  had  a pH  range  of  4.8 

wea)tly  related  to  pH. 

^ Miskimmin  st  si-  (1993)  studied  the  effects  of  pK  on  the 


Hg  methylation 


demethylstion 


reduccion  in  pH  from 


yielded 


dieeolved  or9anic  c 


laethylacion  ratee  at  both  low  and  high 


MHg  production  rates 


stefian  ££  al.  (1988]  studied  the  effects  of 
acidification  on  Hg  nethylacion,  defflechylation,  and 


Sulfuric  acid  (H7SO,] , hydrochloric  acid  CHCl)  and  nitric  acid 
(HNOj)  were  used  to  acidify  Che  sediment.  Kethylacion  was 


inhibited  over  65%  when  H^SO^  and  HCl  were  used  to  reduce  the 


pH  from  6,5  to  4.5.  There  was  almost  complete  inhibition  of 
mechylacion  when  HNO,  was  used  to  bring  Che  pH's  Co  5.5,  4.5. 

affected  by  pH*a  between  4.4  and  S.O.  Volatiliaation  was  leae 

Winfrey  and  Rudd  (1990)  determined  chat  decreased  pH 
stiraulates  MHg  produccion  ac  the  sediment >wacer  interface  and 


decreased  pH  also  decreases  loss  of  volatile  Mg  from  lake 


particulaces 


Ttieae  facaorfl  enhance  the  bioavailability  of  Hg  i 
raethyiacion,  therefore  metbylation  rates  Tray  be  Increased. 


methylatlon 
he  water  column  and  at  the 
c significant  in  acidified 


there  was  an  Inverse  relationship  between  Hg  methylation  and 
pK.  Regnell  {1990  did  not  find  significant  differences  in 
irethyl^^Hg  in  water  at  pH  5. a and  6.€  when  radiolabeled ^'^Hgclj 

The  report  also  confirmed  the  findings  of  other  authors  chat 
anoxic  conditions  enhanced  MHg  production  in  water  (Cleon  and 

Kantoura  ftb  al-  (19781  reported  that  in  freshwater,  more 
than  90V  of  Hg  had  been  found  to  be  cofcplexed  by  humic 


trace  Rietale  from  the  solution  phase-  In  the  case  of 
acid  taJting  part  in  the  adsorption  of  Hg  on  an  oxide 
(alunina) , the  presence  of  the  fulvic  acid  enhanced  the  Hg 
adscrptlon  In  Che  pH  range  of  2-5  - 9-5-  In  general,  fulvic 

conditions- 

Kierle  and  Ingram  (1991)  investigated  the  role  of  humic 
substances  in  the  mobilization  of  Hg  from  watersheds-  Their 
results  indicated  that  humic  matter  controls  the  solubility 
and  watershed  export  of  Hg  deposited  in  precipitation. 
Minagawa  and  Tahizawa  (1960)  determined  very  low  levels  of 
inorganic  and  organic  Hg  in  natural  waters  by  CVAAS  after 
preconcentration  on  a chelating  resin.  In  snalyzing  lake  and 

in  the  form  of  organic  compounds  or  in  association  with 

Kakanaon  (I960)  established  Chat  higher  MMHg  levels  were 
found  in  fish  from  waters  with  low  productivity,  low  pK,  and 
high  water  and  aedimant  load.  The  reduction  of  sewege  sludge 
in  a lake  was  shown  to  Incresse  KHHg  concent  of  fish  because 
bioproductivity  is  decreased  and  pH  lowered.  The  Hg  cycle  and 
fish  in  the  Adirondack  lakes  was  investigated.  There  was  an 


observed  patcem  of  increasing  total  Hg 
decreasing  pH.  Another  correlation  found  wa 
higher  dissolved  organic  carbon  (DOc 

secnoval  of  Kg’*  include  sulfide  precipitation,  ion  exchange, 
Natnaalvayani  and  Senthilkumar  {1997)  investigated  the  recycling 

Fe (lit) /Cr (111)  hydroxide  for  the  adeorption  of  Hg’*  from 
aqueous  solution. 

Tarreacrial  Svsteir 


Mercury  enters 


. A more  recent  addition  would  lea 
to  condition  the  soil  or  fertilise 


organic  niaccer  under  controlled  neeoptulic  and 
temperature  conditions,  and  haa  been  stabilized  to  a degree 
which  is  potentially  beneficial  to  plant  growth.  This 
stabilised  material  is  used  or  sold  for  use  as  a soil 
amendment,  artificial  top  soil,  or  ocher  similar  applications. 
The  stabilized  compost  can  easily  and  safely  be  stored, 
handled  and  used  in  an  environmentally  acceptable  manner. 

Mercury  in  the  soil  occurs  in  several  forme.  These  are 
II]  dissolved  Ifree  ion  or  soluble  complex);  (2)  non- 
specifically  adeorbed  (binding  mostly  due  to  elaccrostatic 
forces);  (3)  specifically  adeorbed  (strong  binding  due  to 
covalent  or  coordinated  forces]  ; (4)  chelated  (bound  to 

organic  substancea) ; and  (f)  precipitated  (as  sulfide, 
carbonate,  hydroxide,  phosphate,  etc.)  [Schuster,  1991). 

Adsorption  of  Hg  In  soils  is  dependent  on  Che  chemical 


Coarse  gravel  haa  a lower  capacity  to  bind  Hg  chan 
finer  soil  materials,  clay  > silt  > sand  in  the  order  of  Hg 
complexatlon  abilities.  Farrah  and  Pickering  (197B) 
investigated  the  upca)ce  of  Hg  by  three  clay  minerals  and  found 


illlce  > montinorillonice  > kaollnlte.  Seimers  and  Kreokal 
tl974)  found  Binnar  raaulcs  in  chac  illite  and 
iDontnorillonice  had  faater  Hg  upcaka  chan  kaolinice.  Under 

occur  mainly  in  Cha  form  of  Hg{ON}i  ac  higher  pH  valuea. 

(Newcon  sh  kl..  1976;  Wallace  an  al..  i: 

The  binding  ie  acrong,  but  revaraible.  Ac  low  Hg 
concentrationa,  acil  organic  matcer  ia  reaponaible  for  most  of 
cha  Hg  aorption.  Ac  higher  concencracions,  mineral  components 
take  part  in  the  sorption. 

Reaulce  auggeat  chat  Inorganic  colloida  contribute  to  the 
adsorption  of  orgaoomerourlals.  whereas  inorganlo  Hg  compoundB 
tend  to  bind  strongly  to  soil  organic  matter,  it  was  also 
stated  that  organic  components  were  even  more  relevant  in 

becauae  organic  matter  has  a larger  adsorption  capacity  for  Kg 
than  mineral  colloida  {Schuster,  1991} . 

Milken  (1992)  stated  that  most  of  the  water  soluble  Hg 


loolecular  weight  greater  than  500  daltons  and  particle  siaea 
snallec  chan  1.2  am.  Mercury  is  bound  Co  humic  matter  by 
exchangeable  cationic  and  non>cacionic  sites  {Aggarwal  and 


of  the  eoil  humus  is  used  for  cation-exchange  processes,  and 
about  two-thirds  of  the  available  binding  sites  serve  for 
nvetal  conplexation. 

The  maximum  sorption  of  Hg  for  several  soil  types  occurs 
in  Che  pH  range  4.75-5.50  (Lodenius,  1990).  In  acidic  soil 
(pH  < 4.S  to  5).  organic  material  is  the  only  sorbent  for 


it  ie  regarded  as 
complexlng  agente  f' 


1 natural  eoil  and  water  syeteme  and 


and  cblorida  concentraciona  on  the  eorpcion  of  Hg.  Tbay 
concluded  that:  in  the  absence  of  chloride,  there  were  only 
infinitesimal  effects  of  pK  on  aorption  between  i and  6- 
Sorption  decreased  at  higher  pH.  AC  low  pH,  the  addition  of 
chloride  decreased  aorption.  but  at  high  pH.  chloride 
additions  had  litcle  effect  on  sorption. 

Another  etudy  dealing  with  complex  fomation  on  Hg  (IX) 
adsorption  by  bentonite  also  found  that  chloride  ions  reduced 
Hg  ill)  adsorption,  especially  at  low  pH's.  Maximum 


suspsnded  organic  material  passing  quickly 


through  the 


arcificial  rainfall  raaultftd  In  Increasing 


pronccion  of  evaporation  as  Hg^.  Kucic  acid  enhances  the 
reduction  of  to  Hg‘  and  thereby  increases  volatilisation 
losses  Co  the  atmoaphere  (Rogers,  1977;  Lia  ££  al. , 19B2] . 

volatilisation-  They  are  able  to  reduce  Hg*-  to  Hg",  which  is 
volatile.  They  are  also  able  to  inethylate  Hg  to  DMHg,  which 


volatile. 


alhaline  conditions. 


Some  bacteria  adsorb  Kg  on  Che  ouceide  of  cheir  cell 
walls  where  it  converca  directly  into  a vapor.  Sscherichia 
coli  absorb  Hg  into  their  systems,  then  Che  Hg’*  nay  oocnbine 

volatile  Hg*.  peeudomonae  &erugiaoa&  proceus  and  at  least  two 


Mercury  volatilization  tends  to  inc: 
tesiperature . Rogers  and  MacFarlane  4 
volatilization  rates  of  Hg  in  clay  and 
chat  Che  volatilization  race  of  Hg  from 


! With  increasing 
} evaluated  the 
i and  determined 
y was  greater  at 
was  volatilized. 


volatilization  of  Hg  from  Che  sand  and  clay.  Autoclaving 
bother  soils  drastically  decreased  the  volatilization  rates. 
After  inoculation  of  the  sterile  soils  with  non-scerile  soils, 
volatilization  rates  increased,  thue  Indicating  that  it  was 
microbially  mediated.  Another  study  found  Hg  to  be 
translocated  in  soil  horizons,  and  in  some  cases,  lost  from 
surface  soil.  This  was  attributed  to  evaporation  Co  the 
{Dudss  and  Pawlulc,  1976)  . 


estlitiaced  at  betwee 


H3 


ind  SO  ug  Hg/ra’  y (Anderason  al. , 
a primary  aink  for  Hg  relaaaad  into 
n oxidized  zone  and  a 
reduced  zone.  In  Che  oxidized  zone,  particulate  Hg  ia 
deaorbed  to  release  Hg^'  and  methylated  biotically  and 
abiotically  to  produce  MMKg  (Zhang  and  Planas,  1904]  . In  Che 
oxidized  zone,  Kg^'  can  be  readaorbed  Co  form  particulate* 
cnercury.  the  KMHg  and  particulate'Hg  can  ba  dapoaiced  into 
tha  raducad  zone  of  aediraenta.  In  this  zone,  Hg’’  is  reduced 
CO  Hg'  and  ultitnacely  Hg^  which  ia  Chen  volacilizad.  Microbaa 

react  with  sulfides  Chat  are  present  to  form  HgS. 


Methyiraercury  in  this  zone  also  reacca  with  sulfides  O'-)  to 
form  DMHg  and  HgS  (Micra.  1986).  Mercury  reactions  chat  take 


place  in  the  oxdized  and  reduced  zones  of  eadinent  are  given 


(1)  parciculace-Hg*- 


Hg- 


12)  Rg»-  - — > CH,Hg- 


)b)  Reduced  eone  reactlonsi 

(1)  Hg»- » Hg-  > Hg* 


auXface  raducera  and  itiechanngene . 
iBtuacine  eedimencs.  Produces  of 
e mainly  carbon  dioxide  (CO,)  and 

aedinenca,  auggeating  cnac 


sulfaca  reducers  dominace 
anaerobic  deovacbylacion  we 
methane  (CH,).  Methane  w« 
aerobic  denethylacicm 


procedure  for  demethylacion  followed 


pathway-  Pinal  results  of  this  study  led  to  the  conclusion 
that  both  aerobes  and  anaerobes  demethylate  Hg  in  sediments, 
but  either  group  may  dominate  in  a specific  sediment  type. 

• An  earlier  study  By  Spanger  fit  al.  (1913)  looked  at  ^WHg 
and  inorganic  Rg  in  lake  sediments.  Bacterial  Isolacea 
rapidly  degraded  MMHg  to  CH,  and  Hg^.  Heaton  and  Leitlnen 

This  occurs  in  two  one>electron  steps  with  the  first  electron 
resulting  in  the  formation  of  a methylmercuric  radical  on  the 
electrode  and  the  second  electron  resulting  in  Che  reduction 
of  methylmercerlc  cos^und  to  CH.  and  Hg*.  This  also  confirms 
the  role  played  by  methanogens  in  Hg  metbylatlon.  Langston 
C19B2)  showed  that  nunic  and  fulvic  acids  provided  favorable 
binding  sices  t 
measured  in  surface  e 
£1  Al.  (1990)  found  that  the  majority  oi 
the  humiC'fulvic  acid  and  organic>eulfide  fractions. 

Rekolalnen  al.  (19861  reported  on  the  effect  of 


forest  Iskes. 


directly  with  the  organic  matter  concent  o£  Che  sediment  and 

Ql-elulio  and  Kyan  (19971  studied  Hg  in  eoils,  sedittiencs, 
and  clams  £rom  a North  Carolina  peatland.  Alter  selective 
extractions  of  peat  and  sediment  samples,  it  was  concluded 
that  the  majority  of  Hg  was  associated  vlth  organic  matter 
associated  fractions,  particularly  humic/fulvic  bound  and 


An  important  effect  of  pH  is  to  mobilize  MMHg  sorbed  on 
eediments,  A reduction  in  water  pH  shifts  MMHg  from  the 

sediment  (Hiller  and  Akagi,  1979}. 

desorbed  from  the  sediment  was  inversely  correlated  with  pH 
and  ionic  strength.  The  effect  of  pK  on  the  leaching  of  Hg 

than  7.  Concerning  ionic  strength,  Che  most  Hg  leaching 

In  anaerobic  environments,  such  as  sediments,  or  under 
mildly  reducing  conditions,  there  is  a tendency  for  Hg  to  be 
precipitated  as  the  sulfide  (Hgs) . teercuric  sulfide  ie  very 


insoluble  (log  K,  ■ -so, 02  at  5Q*C)  (lUPAC,  1902),  but  can  be 
tranafomied  under  low  Eh  and  high  pK  conditions  Co  the  soluble 
form,  HgS;'-,  or  to  Hg*  (Barhay,  1992,-,  Hilken,  1992;  Schuster, 
1991)  . The  insolubility  of  HgS  makes  it  resistant  to 
metbylacion,  but  under  aerobic  conditions,  Che  sulfur  in  HgS 
may  be  oxidieed  to  sulfate,  after  which  the  Hg^*  can  undergo 
methylaCion  (Adriano,  1996) . 


contribute 


993)  stated  that  sulfate-reducing  I 
)6MHg  production,  A low  sulfate  c 
r sulfate  reducing  bacteria  to  produce  MHHg, 
41991)  determined  that  mechylation  of  Hg  in 
an  acid  stressed  lake  was  mainly  due  to  the 
If ace  reducing  bacteria.  The  mechylation  rate 
did  not  correlate  with  the  concentracion  of  sulfate  in  the 
system.  They  speculated  that  formation  of  insoluble  HgS 
reduced  Hg  availability,  thus  reducing  MMKg  production, 

, Revie  Al,  (1991)  investigated  the  iiconabilizacion  of  Hg 
in  soil,  sediment,  sludge,  and  water  by  sulfate-reducing 

producing  HjS  and  eventually  producing  HgS, 


prev&nced  Lhe  tranefontiation 


2)  reported  that  addltlona  of  aulfata 
9 yielded  an  increased  microbial  production 
of  HMHg  from  added  inorganic  Hg.  There  were  poaitive 
correlations  between  eediment  depth  profiles  of  bacterial 
sulfate  reduction  and  Hg  nethylation.  It  was  also  noted  that 
specific  inhibition  of  sulfate-reducing  bacteria  blocked  MMHg 
production  at  all  depths  in  the  sediment  profile.  Sulfate- 


mediators  o 


r interface  and  in  shallow  sediments.  These 
that  aulfate-reducing  bacteria  are  definite 
f Hg  nethylation. 

of  Kg’*  by  eulfite.  This  involved  the  formation  of  an  unstable 
intermediate  HgSO,.  which  underwent  decomposition  to  produce 


Hg-, 


eulfite  invereely  determined  the  overall  ri 
ftnalvtlcal  Methods 


Lindberg  al. 


) inveetigated  atnosphera  exchange 
iis  report,  Hg  waa  collected  in  a 


series  of  gold  crsps,  wee  dlgeeced  end  Chen  analysed  by  long- 
pech  flemelees  acofsic  abeorptlon.  The  dececcion  lisvlc  for  Hg 
in  air  ranged  from  0.01  Co  0-5  ng/m*. 

Licaca  fit  al-  U994)  reviewed  che  cescing  of  Hg  in  flue 

common  method  of  analyele  was  CVAA£  wich  SnCl;  in  a HCl 


In  Germany, 


mechod  of  analysis  was  also  CJAAS  buc  wlch  NafiH«  as  che 


Preacbo  and  Bloom  U99S)  invescigaced  a Hg  speciacion 
adsorption  (MESA)  method  for  combustion  flue  gas.  The 
sampling  system  for  gas  phaee  Hg  species  utilized  a series  of 
heaced,  solid  phase  adsorbenc  traps.  Mercury  (II]  and 


collect  Hg*  after  passing  through  the  KCl/soda  lime  sorbent. 
CVAF5  was  used  for  final  determination  of  Hg  from  these 


Chu  and  Porcella  (1995)  investigated  Hg  stack  emissions 
from  sleccric  utility  power  plants.  It  was  detsrminsd  that 
Hg  emissions  from  total  electric  utilities  was  on  the  order  of 


consistently  captured  by  conventional  air  pollution  control 
technologies  ineluding  fabric  filters,  electrostatic 


precipitators. 


e Hg 


flue  gas  desulfurization  s' 
i analyzed  by  inetrunent  neu 
analysis  (IKAA) . The  MESA  method  was  also  used  in  this  study, 
but  neither  this  method  nor  the  INAA  was  validated  for  Kg 

municipal  waetswacer  treatment  plants  that  used  incineration 
to  dispcree  of  the  aolid  material.  lodated  carbon  traps  were 

Subsequently,  the  traps  were  digested  with  acids  and  final 
analysis  was  done  by  CVAFS, 

Keeler  st  nl,  (1995)  studied  particulate  Hg  in  Che 
detection.  Teflon  filters  have  been  detected  by  instrumental 


Svatems 


Mlnagawa  and  TaJcizawa  (I960)  datemined  vary  low  levala 
ot  inorganic  and  organic  Hg  In  nacuxal  waiers  by  CVAA9  after 

inorganic  Hg  to  Kg  vapor.  Mercury  vapor  waa  generated  frosi 
inorganic  and  organic  Hg  with  a CdClj-SnCl,  aolution.  The 

aamplea. 

coupled  plaaitia  (ICP)  emiasion  apectroitiecry  with  cold  vapor 

HPLC.  The  conventional  propylene  apray  chamber  of  the  ICP  wee 
replaced  by  an  all  glase  chamber.  Detection  limits  ranged 
from  32  to  62  ppb  of  Hg  for  four  Hg  compounds.  Thia 
represented  three  to  four  orders  of  magnitude  enhancement  over 


Xiajikun  fl990)  iavastigated  the  effect  of  the 
Huanghe  river  runoff  on  the  occurrence,  traneportacion,  and 
apeciation  of  Hg  in  the  Huanghe  Betuary  and  the  adjacent  aea. 
Mercury  oontent  in  150  mL  filtered  water  saa^lee  wee 
determined  using  two  stage  gold  amalgamation  coupled  with 


sra  ueing  an  oxidative  treatment  with  BxCl  prior  Co 
InClj.  A gold  Crap  was  used  to  preconcencrace 
Kg  after  its  volatiliaacion  from  a quartz  glass  reduction 


vessel.  Nitrogen  gas  was  uset 
amalgamation  helium  dc-plasma  a' 
for  analysis  of  the  gold  craps. 
Baeyens  and  Belgium  (19 

strong  oxidant,  BrCl,  followed 
NH,0H-HC1  prior 


r the  purging.  A double 
c emission  method  was  used 


determined  total  Hg  by 


column.  Atomic  fluorescence  was  used  for 


analysle  o 


preconcentracion  onto  gold  t 


electrothermal  heating  and  purging 


directly 


into  the  torch  o£  the  1C 
2 ng/L  using  a 200  tiL  aample. 


e detection  limit  wj 


Qercia  fit  fil.  {1994)  determined  Inorganic  and  KM))g  i 
aea-water  by  an  online  pceconcentcation,  e 
end  total  Hg  determination  by  CVAAS 

Bloom  fit  fil  {1995)  reported  on  the  reeulta  of  the 

Twenty  three  labe  were  involved  with  Ifi  utilizing  BrCl 
oxidation,  gold  trapping  and  CVAF5  for  total  )lg.  Pour  other 

Sixteen  labs  provided  MMHg  reaulta,  but  15  of  them  used 
varioua  combinations  of  aqueous  phase  ethylation,  SC 
separation,  and  CVAFS  detection. 

dlthiocarbamate  resin  end  transferred  to  a column  which  vaa 
thiourea  aolutlon  was  used  to  elute  the  Hg  apeclea.  The 
with  a non-polar  capillary  column  c 


c emlBSlon  apectronetry  sc  253.7  nn  after  excitation  in 
ve-induced  helium  plaema. 

Paquette  and  Helz  (1995}  reported  on  the  solubility  of 
cinnabar  [Red  Hgs)  and  implications  for  Hg  apeciatlon  in 

by  CVAAS  on  a homemade  stannous  chloride  reduction,  gold 
amalgamation  apparatus  attached  to  a Perkin-Elmer  Model  2390 
Speccrophoccneter.  R detection  limit  of  0.3  ppb  Hg  was  noted. 

microcosm  to  simulate  the  Hg  in  a contaminated  pond.  The 
water  samples  were  treated  and  preserved  with  Brcl  and  total 
Hg  determination  was  accomplished  using  CVAF5. 

papers  by  Pitsgerald  and  Lyons  (1973)  dealt  with  trapping  Che 
Hg  after  its  reduction  while  purging  with  nitrogen  gas  and 
concentrating  it  on  a packed  column  immecaed  in  a liquid 

was  removed  from  the  cold  trap,  heated,  and  the  gas  phase 
concentration  of  the  eluted  Hg  was  measured  on  a Colsman  Hg 
analyzer  (HAS>S0)  . A detection  limit  of  0.0017  i^g/L  was 
obtained. 


Schincu  fit  al*  (1987)  developed  a practical  ieolation 
technique  tor  HMHg  in  natural  watere.  Mercury  compounda  were 
extracted  quantitatively  from  eix  different  aourcea  of  water 
with  5 ml.  of  a 50  ppm  dithizooe-chloroform  solution.  This 


method  provided  a high  recovery  for  both  organic  aa  well  aa 

Bloom  and  watree  (1989)  developed  a technique  to  quantify 
MMHg  and  D(5Hg  in  eeveral  rainfall  and  la)ce  water  eamplee  by 
aqueous  phaee  ethylation  to  the  volatile  diaDcyl  analogs 
followed  by  cryogenic  gas  chrocnatographic  separation. 
Mercury>specific  detection  by  Cvaps  provided  a 0.1  pg  ae  Hg 


Lansens  dt  al.  (1990)  determined  HMHg  in  natural  waters 
by  headspace  (KS)  gas  chromatography  (OC)  with  microwave* 
induced  plasma  (MIP)  detection  after  preconcentratlon  on  a 
resin  containing  dithiocarbanate  groups.  The  chelating  reain, 
Sumllate  g*iO,  ahowed  a high  affinity  for  both  organic  end 


d Hultberg  (1 


adsorbent . 


benzene  and  then  analyzed  for  HKKg  with  the  SC/SCO  method. 


o£  Kg  end  HHg  ooitpounde  in  aqueous  aastples  by  gas 


ng/mL,  50  ng/nL,  300  ng/mL,  and  a ng/mL  respectively  with 


ng/mL.  0.09  ng/mL,  0.5  ng/mL,  and  0.015  ng/mL  respectively  in 


■serial  Svatain 

Mvis  al.  (1990)  determined  MMHg  in  soil  by  developing 


mixed  wicb  an  equal  volume  of  sodium  thiosulfate  {NagSsO,)  in 
ethanol.  Potasaium  iodide  (Kl)  and  benzene  were  eventually 


contains  the  MMHg  was  then  analysed  on  the  QC.  The  detection 

Uempel  a1>  {1992)  determined  organic  Hg  species  in 
soils  by  high-performance  liquid  chromatography  CHPLC)  with 
ultraviolet  (UV)  detection.  The  aimultaneoua  separation  and 

This  separation  was  done  on  octadecylsilane  columns  by 


gradient  elution  with  a methanol-water  mixture  ranging  from  3C 
to  sot  v/v.  The  detection  limits  for  the  various  compounds 


I biological  samplee.  The  eediment  aspect 


sulfuric  acid  and  finally  toluene  ae  the  last  extractant. 
Mercury  analysis  was  done  using  a graphics  furnace  AAS  with 
the  dsceccion  limit  for  MMHg  sec  at  25  ng/g. 

polluted  marine  area.  The  nethylnercury  determination  in  the 


hydrolysis  of  the  wet  sample 


3 differential 


dried  with  HaaSO*  and  analyzed  by  GC/ECD. 

Sakamoto  si-  (1992)  reported  oi 
detemination  of  organic  Hg,  Hg  (II)  oxide,  and  Hg  (11) 
aulfide  in  eedimence  by  CVXAS.  All  of  these  forma  were 
removed  from  sediment  by  extracting  with  a solvent  such  as 
chloroform  followed  by  a thiosulfate  addition  and  subsequent 
analysis  by  CVAA5  after  digestion, 

to  la)cea  and  watersheds.  Sediment  cores  were  obtained  from 

Zhang  and  Planas  (1994)  reported  on  biotic  and  abiotic  Hg 
extracted  from  sediment  samples  using  CuS0./HaBr/H,50.  and 

Florida  Everglades  and  Savannas  Harsh  flooded  eolle.  The  Kg 


snslyele  by 


Haeri 


plaacica  (6.5V),  rubber  and  leather  (B.U),  iced  waacae 
(7.9*1,  yard  waecea  (17.9*)  and  other  miscellaneous  materials 


(1.6*)  (Tchobauogloua , 1993)  Concern.  Inc,,  1969). 


goods,  plastics,  yard  vaece,  and  natala.  Thera  ara  decreasing 
tranda  for  food  waste  and  glass  (Tchobanogloua,  1993)  Concern, 


was  landfilled,  10*  was  incinerated  and  10*  was  recycled. 
Other  amounts  were  dumped  illegally  on  land  and  in  the  ocean. 


(USEPA, 


million  cons  were  conbusced  {up  from  4.5  million  tons  in 

excellent  indication,  at  leaat  within  the  State  of  Florida, 
that  landfilling  ie  decreasing  and  recycling  is  on  the  rise, 

cofimiercial  toxic  products  of  which  heavy  metals  are  included. 

incinerated,  or  composted  and  the  environmental  issues  with 
heavy  metals  focus  on  groundwater  contamination,  air 
pollution,  and  uptake  by  crops  and  other  animals,  and 

present  a problem  to  the  environment  if  improperly  transported 
as  hazardous  wastes  due  to  their  various  characteristics  as 

corrosivity,  reactivity,  and  extraction  procedures  (EP) 
toxicity.  On  the  other  hand,  there  are  many  items  that  are 
excluded  from  the  definition  of  hazardous  wastes  in  EPA 
regulations,  of  which  the  first  item  Hated  is  household 


waste.  Many  heavy  Detale  found  in  MflH  are  actually  products 
of  household  waste  (Congress  o£  the  United  states,  19S3) . 


neucr^l,  well-aerated  solla  {Louiaiana  cooperative  Extenaion 


eleccronica,  plaetice,  ueed  motor  oil  and  tranecaiseion  fluid, 
mercury  and  alao  exceed  the  regulatory  level  of  S.O  mg/L  for 


battery  eyetema 


Uniced  SCaCea 


HcuBehoid  Bacceriea 
Mercury  Light  Swicchea 
Bleecric  Lighting 


Special  Paper  Coating 


reduction, 


and  can  be  used  in  conjunction  with 
rec/cling  and  cocpoecing  prograiae  lUSEFA 

organic  fraction.  Thia  is  represented  by 


nonccmbustible  residues.  The  heavy  cetala 
emiseions  from  municipal  waste  conibustion 


C) , particularly 


Hg,  a 


•e  released  through 


e significant  amounte  of  I 
taclc  enissiona.  Mercury  c. 


w temperatures  {40-: 
i the  environment  a 


easily  emitted  into  t 
converted  into  varioui 
which  bioaccunmlates  i: 

19S6,  EPA  issued  operational  guidance  on  control  technology 
for  MHC.  The  final  regulations  were  issued  in  December  1950 
to  reduce  deleterious  emissions.  Batteriee  are  eupposed  to  be 
separated  from  HSW  prior  to  incineration  to  reduce  the  heavy 
metal  emissions.  In  the  past,  dead  batteries  in  Che  waste 


principal 


heavy  necala  ii 


Hebzger  and  Braun  (19671  inveacigated  in-eicu  Hg 
epeciation  in  flue  gas  by  liquid  and  solid  eorpcion  eyecene. 
Solid  aorbencs  inoluded  iodatad  accivaced  carbon  and  aleo  gold 
or  silver  amalgame.  Liquid  eorbente  included  nitric 
acid/percorydieulface  eolucione.  A conden eat ion/ absorption 
approach  vae  ueed  to  identify  Rg  within  the  sorbents. 

In  Europe,  Hg  in  gas  eniseions  frnn  waste  incinerators 
consists  of  206  of  slemental  Hg,  6DV  of  divalent  inorganic  Hg 

Medical  waste  iocineratora  emit  an  average  of  about  30  g Hg/t 
in  developed  countries  and  10-20  g Hg/t  in  developing 
countries  (Plrrone  al, , 1996) , 

Kriahnan  aL  al>  U997]  investigated  Hg  control  in  MWCs 
and  coal-fired  utilities.  The  report  showed  the  ability  of 
activated  carbons  FC-lOO  and  F6D  to  capture  Hg**  and  HgClj 
emitted  from  these  two  systems.  The  precursor  for  PC-100  is 


captured 


coal'fired  siniulationB, 

Carroll  fil  ai>  (1995)  investigated  H 

wet  scrubber.  Scrubber  collection  efficiency  for  Hg  averaged 
87V  which  was  lower  chan  expected.  Gowin  a1<  (1993) 

detemined  chat  it  was  an  effective  eorbenc  for  this  purpose. 

conscicuence  in  the  aeh.  Heavy  metals  remaining  in 

respirable  particles  may  disperse  into  the  air  from  the  stac)t 
or  during  transport  and  handling.  Next,  leaching  of  Che 


high  levels  of  heavy  metals  that  require  special  handling  and 
burial  in  ash  landfills.  Standards  for  Che  handling, 
processing,  disposal  and  recycling  of  MSW  combustor  aeh  in 


Florida 


by  tbe  Bnvironcnencal  Regulation  Commieeion  1 
(Department  of  Environmental  Regulation,  1991) . 
Heavy  metal  eoncentrationa  and  percentage  d 


burned  waate  (Moraelli 


£1  al., 

landfill 


epeclflcally  created  for  aah  diaposal  called  a monofill,  but 
aah  reuse  is  currently  on  the  riee. 

Ash  recycling  involvee  the  uae  of  ash  in  soil  cement  for 
road  sub-base  material,  the  use  of  ash  ae  aggregate  in  road 
asphalt,  and  the  construction  of  bloc)cs  from  the  ash  for 


artificial  reef  construction  (Department  of  Environmental 


In  MSW  composting,  preprocessing  is  performed  to  isolate 
the  compostable  portion,  i.s.  yard  wastes,  food  wastes,  and 
organic  fractions  such  as  paper.  These  materials  constitute 
about  30  to  SO  percent  of  the  HSW  stream.  Separation  of  Che 
compoacable  portion  Is  generally  performed  using  a rotating 


screen  called  a tronmel.  once  chase  are  separated,  they  are 
usually  shredded  co  reduce  Che  particle  size  and  mclstiure  nay 


agricultural  use  as  an  organic  soil  condicioner.  Therefore, 
physical,  chemical  and  biological  stability,  nonphytotoxicicy 
and  balance  among  mineral  elements  are  the  primary 


characCsriatica  for  compost  to  be  useful  to  Che  soil  and  for 


crops  (de  Eertoldi  dl,,  19S0) . 

Heavy  metals  do  not  degrade,  but  te 


greatest  importance 


are  those  which  bloaccunulaCe,  resulting  in  long  o: 
toxic  effects  to  organisms  in 


most  rtSH  composca  have  achieved  regulatory  limits  for  most 
metala,  with  the  exception  of  lead,  but  there  ia  an  interest 


in  attaining  lower  levels.  The  earlier  that  sorting  occurs 
during  the  collection  and  composting  process,  Che  lower  the 


television  pic 


will  definitely  decceeee 


on«  report  determining  how  conpoeting  affecce  heavy  metal 

eoluble  heavy  metala,  except  for  Cd.  The  coDcentratione  of 
heavy  metale  were  generally  lower  in  the  sacnplee  taken  at  the 
end  of  the  conpoeting  period  in  the  correctly  prepared 
conpoat.  In  correctly  produced  ctm^et  , maturation  increasee 
the  humic  acide  with  reepect  to  the  fulvic  acids  which  does 
not  occur  in  incorrectly  produced  compost . This  is  an 
indication  of  the  process  of  humification  of  organic  matter 

metals  would  now  be  complexed  to  the  humic  material,  hence 


be  a decrease  in  tbe  leaching  of  heavy 
rd  of  the  total  content  of  heavy  metals 
reportedly  bound  to  the  alkali  soluble 


organic  matter.  (Canarutto  at  Ai* , 1S91) - 


Heavy  natal  concentrations  in  the  flnlehed  con^et 
determine  its  usage.  Lower  heavy  metal  content  allows  the 
compost  to  be  used  for  practical  applicatione,  such  aa 
landscaping.  Higher  metal  concentrations  in  compost  prohibit 


soil  sod  ths  cacioo  exchange  capaclcy  of  the  soil.  The 
decrease  in  concentration  of  metals  in  the  soil  compost 
mixtures  results  from  leaching,  with  very  little  as  a result 

[Hgo) , along  with  other  possible  forms  of  Hg  such  as  HgCl? 

is  normally  a weaK  complexlng  agent,  but  it  strongly  complexes 
with  Hg^'  and  Hga**  {Pohland  et  al-,  19fil)  . HgO  may  be 
dissolved  and  mobilised  by  acid  rain  percolating  through 
residue-amended  soil,  increaeing  the  chances  of  Kg  being  taken 
up  by  plants,  as  well  ae  the  poesibllity  of  leaching. 


In  anaerobic  environmenta , euch 
landfills,  or  under  mildly  reducing  conditions,  there  is  a 
tendency  for  Kg  to  be  precipitated  as  the  sulfide  (KgS)  . 
Mercuric  sulfide  la  highly  insoluble  (log  K,  - -50.02)  (lUPAC, 


^luble 


s (CO,),  aiun 
: <H,S) , nlc 


TchobanoglDus , 


monomBthylmarcury  ia  ^ite  low  (H  < 10'*}  wh 
presBuxe  at  dinechylmercury  iB  quite  high  (H  < 


Under  warm  or  hot  conditions,  Hg  can  be  transformed  to 
elemental  Hg  which  is  the  second  most  volatile  form  of  Hg 
(HaO.3) , next  to  dlmethylmercury.  If  this  transformation  does 

(,  elemental  Rg  would  be  emitted  into  the  atmosphere. 
Heavy  metals  dissolved  in  aqueous  systems  exist  in 
other  chemical  species  in  the  form  of 
one,  such  as  Hg^*,  ccmibine  with  non-metallic 

residues,  Che  species  of  Kg  found  will 
ircurlc  sulfide  {HgS) - Cinnabar  or  mercuric 
jout  the  most  etable  Hg  mineral  that  occurs  in 
Hg  mineral  forma  under  reducing  conditions  where 
has  been  reduced  to  sulfide  (S'*)  (Hitra,  19B6). 
Gsmbrsll  al.  (19*)S)  showed  that  HgS  is  unavailable  to 
plants.  Therefore  it  may  be  feasible  to  use  anaerobically 
stabilized  solid  waste  residues  for  land  application.  If  Kg  is 
in  the  HgS  form,  there  should  he  minor,  if  any,  adverse 

uncontamlnated  as  HgS  is  quite  Immobile  and  unlikely  to  leach. 

The  dumping  of  trash  is  becoming  e less  viable  solution 
since  the  siting  of  landfills  Is  extremely  difficult  as  a 


(noc  in  my  back  yard)  ayndraine  due  to  the  odors  and  the 
potential  contamination  to  surfaoe  and  groundwater  that  may 
occur  due  to  leaching.  However,  as  technology  Improves  and 
liners  become  more  reliable,  landfilla  axe  meeting  federal 
and  state  standarde,  which  should  actually  ease  the  public's 
minds  when  it  comes  to  the  siting  of  landfills.  Some 
communities  that  are  faced  with  diminishing  landfill  space 
send  their  waste  to  other  states,  a practice  sanctioned  by  the 
Supreme  Court  ruling  in  1978  {Philadelphia  v.  New  Jersey)  that 
a state  may  not  refuse  waste  from  another  state.  This  poses 
a problem  for  chose  communltiee  that  are  Crying  to  extend  the 
life  of  their  landfilla  by  recycling  or  reducing  their  own 
wastes  when  the  space  1s  filled  by  other  counties  or  states 


1192,  was  passed  by  Che  Plorida  Legialature  and  became 
effective  on  October  1,  1988.  Under  this  Act,  certain  items 
were  banned  from  landfilla.  These  are  used  motor  oil  which 
became  effective  October  1,  198B,  lead  acid  bacterlea,  which 
became  effective  on  January  1,  1989,  white  goods  which  became 


effective 


effective  January  1, 


£xclueion 


landfill  will  reduce  the  amount  of  hazardoua  ntateriala  that 
can  potentially  contaminate  groundwater  or  the  aurroanding 
land  {Earle  alw  19S1) , eapecially  heavy  netala. 

Landfill  leachatee  often  contain  high  c> 
toxic  heavy  metale.  Many  of  there  mecale  c 

h biomcleculea,  therefore,  even  in  email  amounta 
have  adveree  effecte  on  both  plante  and 
animale  (Bolton  and  Evana,  1991) . some  probable  Uganda  in 
landfill  leachatee  and  reeldues  would  be  chloridea,  eulfatee, 
phoaphatea,  and  organics  (Pohland  at  Bi.,  1981).  Table  2-S 
shows  the  median  concancrationa  in  MSW  leachate,  in  comparison 

tliac  on  an  overall  basis,  the  DSEPA  (1988)  report  had  lower 

(1989)  report.  The  fact  that  certain  items  containing  heavy 


believe  that  Che  heavy  metal  concents  would  have  decreased. 
Obviously,  iteme  auch  sa  batteriea  are  etill  finding  their  way 
into  landfills  even  chough  there  is  now  an  emphasis  on 
rerouting  them  away  from  landfills  and  recycling  Che  relevant 


metals.  Landfill  leachates  contain  tnany  organic  and  inorganic 
ligands,  particularly  chloride  (Cl*),  which  help  to  determine 
the  forms  of  metals  in  solution.  High  concentrations  of 


I organic  carbon  (DOCl  concentrations  affect  the 
speciation  of  metals  in  landfill  leachates,  complexation 
reactions  in  solution  lower  the  positive  charge  associated 
with  the  metal  and  therefore  may  affect  the  mobility  of 
leachate  metals  in  the  soil  and  underlying  sediments  (Bolton 
and  Evans,  1991).  Therefors,  methods  have  to  be  developed  to 
decrease  the  amount  of  heavy  metals  in  leachate. 

Leachate  recycling  is  one  method  to  decrease  the  amount 
of  heavy  metals  present.  0ns  report  showed  that  leachate 
recycling  did  not  result  In  an  increase  in  heavy  metal 
concentrations,  but  actually  removed  some  of  the  heavy  metals 
in  the  solid  waste  coLuoins.  The  explanation  provided  was  that 

metals  precipitate  aa  sulfidss  (Pohland  fiL  hi. . 1979) . 
Anaerobic  Diaesrion 


homogenize  the  feedstock  for  digestion  and  to  protsct 


treatraenE  proceBsea;  12)  Anaerobic  digeecion  • 


produce  blogaa  for  energy  and  Co  deodorize,  acabilize,  and 

CO  remove  reaidual  inert  undeeirable  nacerial  Iglaas  and 
plaatica)  and  produce  a refined  produce  of  suicable  moiecure 
contenC,  particle  aize  and  phyaical  structure  for  Che  proposed 

cypioally  around  100-200  biogae  per  con  of  organic  Hgw 


as  compose  produces  and  have  a value  as  a fertilizer  or  soil 
improver  (lEA  Bioenergy,  1904)  . 

The  majority  of  the  llcaracure  on  anaerobic  digestion 
deals  with  zinc  IZn’*),  iron  (Pe^*),  cadmium  lCd“*) , copper 
1CU“),  chromium  ICr*-  , Cr*-) , Nickel  INi'-) , and  lead  lPh>-). 
The  focua  of  moat  of  these  articles  was  the  inhibition  of 
anaerobic  digestion  by  these  heavy  metals.  It  was  determined 
that  concentraciona  and  species  of  these  metals  were 


indicative  of  their  tozicity 
(bacteria)  to  adjust  to  ch 


effaces.  Temperature,  pH, 

: ratio  of  the  toxic  substance 


determinants  in  the  inhibitory  concentrations  of  these  heavy 
metals,  some  Inhibitory  concentrations  given  were  Cd*'  (13G 


) (Chynoweth  a 


1 Pullanmanappallil, 


digestion  process  is  the  principal  determining  factor  in  the 
feasibility  of  using  the  liquid  or  solid  digestate  as  compost. 
Post-treatment  follows  the  actual  anaerobic  digestion  process 
which  allows  for  two  to  four  weeks  of  maturation  for  the  solid 
fraction  whereas  the  liquid  fraction  may  be  directly  applied 

all  set  regulations.  Review  of  the  literature  provided  no 
information  about  the  presence  of  Hg.  Hence,  it  is  obvious 
Chat  Hg  has  rarely  been  included  in  past  studies. 

need  oxygen  are  called  anaerobes.  There  are  two  types  of 
anaerobes,  obligate  and  faoultaciva.  Obligate  anaerobes 
cannot  use  oxygen  at  all,  and  tend  to  be  poisoned  by  it. 
Facultative  anaerobes  are  able  to  use  oxygen  when  it  is 


ocher  sources  chat  replace  oxygen  are  nicrace  (NOj*). 

(SO,**) , and  carbon  dioxide  (Cp,} . When  these  compounds  are 

Nitrate  is  reduced  to  nitrogen  gas  (N,) , sulfate  is  reduced  to 
hydrogen  sulfide  IK,S) , and  carbon  dioxide  is  reduced  to 
methane  (CH.) . Bacteria  chat  use  nitrate  are  called 
denitrifying  bacteria  and  those  that  use  sulfate  are  called 
aulfaCe  reducers,  and  those  that  use  carbon  dioxide  are  called 
methanogenic  bacteria  {methanogene) • Denitrifying  bacteria 
are  facultative  anaerobes  and  sulfate  reducers  and 

Madlgan,  19B6;  Brock  and  Brock,  1976). 


proteins,  and  fats  are  converted  to  methane  by  these 
microorganisms . For  conversion  of  a typical  polysaccharide. 


high  molecular  weight  cellulose  molecule  into  cellobiose  and 
free  glucoae,  fermentstive  anaerobes  which  ferment  the  glucose 
to  a variety  of  products  Including  acetate,  propionate, 
butyrate,  hydrogen  (Hj),  and  cOj.  Methanogenic  bacteria 


e produced.  Also,  certain  mechanogene 
bate  Co  methane  (Brock  and 

ocher  organiams  chat  convert  con^lex  macarialB  to  methane 
are  Ha-produclng  fatty  acid-oxidising  baoteria  whioh  use  fatty 
acids  or  alcohols  as  energy  sources  and  grow  very  well  in  the 
presence  of  Hj-consumera  auch  as  mechanogens  and  sulfate 
reducers.  The  association  between  hydrogen  producers  and 
hydrogen  coneumera  is  known  as  interspecies  hydrogen  transfer 
which  is  important  in  the  anaerobic  digestion  process. 
Syncrophaaonae  and  Syntrophobaccer  are  H,-producera  which 
generate  acecaCe,  COj,  and  H,.  Hydrogen-consuming  acetogenic 

the  acetate,  COa  and  H,  Co  methane  and  carbon  dioxide  which  are 
Che  main  end  products  of  anaerobic  digestion  (ChynoweCh  and 
Pullammanappallil,  1996;  Brock  and  Madlgan,  19SB}. 

Thie  literacure  review  has  included  all  three  phases  of 
Che  environment,  namely  sir,  earth,  and  water,  and  the  many  Hg 
interactions  that  cake  place  in 
literature  review  showed  that  daca  ol 


In  landfill  leachate  is  well  decunenced.  The  fact  that  Hg- 
eontainlng  devicaa  are  atill  finding  their  way  into  landfille 
in  apite  of  more  atrlngent  recycling  efforts,  is  the  primary 
reason  why  more  information  ie  needed  on  the  face  of  Kg  in 
landfills.  The  literature  on  anaerobic  degradation  processes 
strongly  auggeata  that  Craneformatlon  of  inorganic  and 
elemental  Hg  to  volatile  organic  forma  ia  highly  lilcely  to 


in  landfllla. 


penecrac«d  chrough  the  landfill  until  It  reached  the  deaired 
depth.  In  general,  four  eatnplee  were  collected  per  hole  at 
3.05  m (10  feet)  Intervals.  The  Ttaximum  depth  of  the 

some  eamplee  (0  - 1.52  in)  were  discarded  because  they  were 
mostly  cover  soil.  Table  «-i  shows  the  depths  of  each 
collected  sample.  Additional  information  on  sampling 
procedures  can  be  found  in  Miller  at  al*  {1595) . 

After  collection,  the  samples  vers  placed  into 
polyetiiylene  bags  and  brought  bac)t  to  the  Bioprocese 
Engineering  )teaearch  Laboratory  of  the  Agricultural  and 
Biological  Engineering  Department  at  The  University  of  Florida 
and  scored  in  freezers  until  processed.  Processing  of  these 
samples  involved  separation  and  characterisation  of  waste 
components,  moisture  content,  and  solids  compoaition 


pocential  aasays. 


samplae  ware  dried  at  lOS^C,  groeal/  picked,  and  then  paesed 
through  a 6 Tm  acreen.  The  material  that  remained  on  the  S irnn 
eereen  was  finely  picked  and  ground  to  0-T6  mm  uaing  an 
Uraehell  Mill  (coitiitrol  Model  3eoo)  . The  material  that  paaeed 
Che  6 mm  screen  was  then  pasaed  through  a K40  acreen  (0.43 


groee  picking  and  Cine  picking.  In  the  study  by  Killer  fiL  dl- 
(1904)  Che  sw  from  the  landfill  was  also  characterized  ae 
paper,  cardboard,  food  waste,  glass  and  stone,  metal,  wood, 
plastics  and  rubber,  and  fabrics.  Cross  and  fine  picking 


volatile  organic  iraction. 
Phaee  1 of  chia  study.  th< 
ware  analyzed  Co  evaluate  c« 
the  landfill  and  Co  give  an 


Che  fraction  of  SW  chat  is 
e production,  namely  the 
la  shown  In  Figure  3*2.  For 
i fractions  described  above 
s existing  in 
g distribution  that 
occurred  in  such  an  environment.  Mercury  was  being  evaluated 
because  there  has  been  little  researoh  concerning  Hg  in 
biologically  stabilized  SW  reeiduee.  The  fact  that  these 

he  majority  of  the  Hg  in  the  landfill  should  be 
y existing  organic  matter  present. 


weight  baeis  to  give  an  idea  of  the  Hg  levels  exiating  in  Che 
Alachua  County  Landfill.  These  Hg  concentrations  could  have 
been  converted  bach  to  a wet  weight  basis,  but  it  was  not 

ever  reclaimed  and  the  SW  applied  to  land,  application  races 
will  be  computed  on  a dry  weight  baais.  It  muet  also  be  noted 


Ue  accual  valuaa  bacause  t 
in  the  atudy  of  Hiller  gt 
at  around  40‘50*C  and  any  elemental  Hg  tl 
cbe  original  landfill  aamplee  would  ha' 


Total  Hg  waa  determined  uaing  etandarde  ranging  from  0 to 
550  ng  Hg.  X check  sample  was  used  in  every  run  ae  a way  Co 
evaluate  whether  or  not  the  system  was  performing  adequately 
and  also  as  a reference  point  to  the  validity  of  the  other 
samples.  A duplicate  and  a spike  were  run  with  each  sample 
batch  (13  samples)  and  a continuous  calibration  blank  and  a 
continuous  calibration  variance  (a  50  ng  Hg  spike  of  a blank 


the  Instrunenc  absorbances  were  being  maintained.  The 
acceptance  criteria  for  the  calibration  curves  (6  standards. 


value,  and  for  dupllcaca  aamples,  Che  standard  error  )iad  Co  be 
< 30%.  This  QA/QC  was  used  in  a previous  Hg  study  (Delfino  gx 
Xl.,  1953) . Results  of  the  QA/QC  are  given  in  Appendix  A. 


fractions 


was  determined  using  the 
digestion  procedure  described  in  EFA  Method  7471  for  the 
detemlnation  of  Hg  in  soil  and  eediment.  Following  the 
degescion  procedure,  Hg  was  anaX/ced  by  cold  vapor  atomic 
absorption  spectrophotometry  (USBPA,  . Two  grams  of 
sample  were  weighed  to  Che  nearest  0.0001  g on  an  enclosed 
Hectler  analytical  balance.  The  sample  was  transferred 

idl  double  distilled  deionized  (DDDIl  water  rinse.  The 
digestion  involved  2.5  mL  of  trace  metal  grade  concantraced 
nitric  acid  and  S mb  of  trace  metal  grade  concentrated 

Chen  IS  mb  of  potaeeium  permanganate  (50  g/b) , and  S mb  of 
anmonium  peroxydieulfate  (50  g/b)  were  added  Co  the  digestion 
mixture.  The  saicple  was  heated  at  95»c  for  one  to  two  hours. 
An  additional  15  mb  of  potassium  permanganate  was  added  if  the 
color  disappeared  within  fifteen  minutes  of  the  initial 
addition.  Upon  completion  of  digestion,  samples  were  cooled 
and  decolorized  by  the  addition  of  « mb  of  hydroxylaraine 
hydrochloride  solution  (120  g hydroxylamlne  sulfate,  and  120 
g sodium  chloride  per  liter  of  deionized  water  solution) . 
Figure  3-3  shows  a schematic  of  the  procedure. 


Pocaselum  ^rtnsngaj^ace  is  another  acrong  oxidizer  that  vaz 
added  Co  ellmlnace  poaalble  Incerference  from  sulfide. 
Aimnonium  peroxydieulface  is  another  added  oxidizer  to  ensure 
the  cornplece  oxidation  of  the  sample.  Heating  the  sample  in 

the  Hg  to  Hg“. 

Each  digested  sn  sample  was  transferred  to  a plastic 
reaction  vessel  fitted  for  a PerXin  Elmer  MHS-IO  cold  vapor 

Ecannoue  chloride  was  used  to  reduce  Hg’*  to  the  elemental 
state,  Kg’.  Elemental  Kg  was  Chen  swept  into  an  open  ended 
quartz  cube  (1  cm  diameter)  with  a IE  cm  cell  path  length. 
The  Hg  was  quantified  by  CVAhS  using  a Perkin  Elmer  Model  3030 
Atomic  Abaorption  Spectrophotometer  (A  ■ 2S3.S  nn,  SBW  - 0.7 
nm)  with  Hg  hollow  cathode  lamp  (I  « S HA]  . The  standard 
calibration  curve  working  range  {Q  to  5S0  ng)  gave  an 


Total  Hg  tng/g)  waa  determined  using  the  equation  derived 
from  Che  regreeaion  analysis  of  the  Hg  standerd  curve.  From 


equation: 


Mercury  Cng)  was  obcalsed  using  Che  noted  absorbance  from  Che 
aconic  ahsorpcion  minus  the  y-inteccepc  divided  by  the  x- 


Since  Che  SV  samples  from  Che  Alachua  County  landfill  had  been 
dried  prior  to  Kg  analysiSr  then  Che  detemiinacion  of  Mg[ng/g) 
involved  Hg(ng}  divided  by  dried  weight  ig)  measured  out  prior 

The  Hg  scoclc  solution  (IQOO  ppb]  was  made  using  b.i  mL  of 
1000  ppm  tli  Mercuric  VitcaCe,  where  i mb  - 1 mg  Hg  {Fisher 
Scientific)  and  adjusting  Che  volume  Co  100  mb  in  a 100  mb 
volumetric  flask.  The  top  of  cbe  volumetric  flask  was  sealed 
with  parafilm  and  Che  entire  flask  was  snclosed  in  aluminum 

the  infiltration  of  light. 

Succesaive  dilucione  of  the  acock  Hg  solution  were  made 
Co  obtain  a working  standard  containing  10  ppb  or  100  ppb. 
Thla  working  standard  was  prepared  frash  daily  prior  to  aample 
preparations.  Acidity  of  the  working  standard  waa  m 


A range  of  aCandards  Chat  the  senile  data  should  fall  vlchin. 
The  Hg  standards  were  adjusted  to  a total  of  10  nL  with  DDDI 

arnmcmlum  peroxydieulfate,  the  digestion  in  the  water  bath  at 
95*C,  and  finally  the  addition  of  sodium  chloride- 
hydroxylamine  sulfate.  The  stannous  chloride  on  the  HH8-10 
unit  was  used  as  the  reducing  agent  and  Che  elemental  Hg 
len  noted  on  the  AAS.  Due  to  the  toxicity 
a imperative  that  there  be  a well  working 


Compost  samples  were  obtained  from  Dr.  D.  Graetz  in  the 
Soil  and  Water  Science  department  at  the  University  of 
Florida.  These  were  previously  collected  from  the  Palm  Seach 


County  compost  facility  and  consisted  of  a lii  mixture  of 
blosollds  Co  yard  waste.  These  samples  were  air-dried, 
ground,  and  total  Kg  analyses  were  performed  using  EPA  Method 
T4T1.  The  Kg  concentrations  in  these  aerobic  ccxnpoet  samples 


County  Landfill.  The  raw  data  for  the  Palm  Beach  County 
compost  samples  are  provided  in  Appendix  A. 


Cubing 


Ineerced. 


fitted  with  a 2-hola  rubber  stopper  that  served  as  a water 
trap  to  prevent  any  leachate  from  entering  the  carbon  traps. 


Tygon  tubing  c 


B and  the  grade  wae  Norit 
lOS.  The  encasing  for  tl 
d caps  (Bel-Art  Products) 


cylinder  fitted  w 


)HG  3 and  the  sample  number 

The  tubing  from  the  carbon 
'ted  1000  mL  plastic  graduated 
rubber  stopper  which  served  as 


hydrogen  chloride  (] 
the  amoiuit  of  CO2  being  dissolved. 
The  acid  solution  in  the  g 


displaced  by  gas  generated  in  the  ceactore  was  o 
main  acid  solution  raeervoir  consisting  of  a 1000 
cylinder,  which  was  open  Co  the  atmoaphere. 


reaarvolr  served  to  refill  the  gas  raanomeCera  with  add 
solution  aa  needed.  To  neaaure  the  amount  of  gas  produced  by 
each  reactor,  the  main  reservoir  was  moved  over  to  each 


inverted  graduated  cylinder 


liquid  levels 


matched  and  then  noted,  ensuring  that  all  gae  volumes  were 
measured  at  atmospheric  pressure.  The  reactors  were  Incubated 
at  so  I S*C.  Plcfure  3-5  shows  the  entire  setup  of  the  syecen. 

leachate  from  entering  Che  carbon  traps. 

Figure  3-7  shows  how  the  solid  waste  insert  was  placed 
into  Che  encasing.  Figure  3-8  shows  Che  glass  fiber  mesh  at 
Che  bottom  of  the  SW  Inserts.  Figure  3-9  shows  the  Cop  part 
of  Che  system  including  the  carbon  traps.  Figure  3-10  shows 


The  SK  used  in  this  study  was  artificially  made  Co 
represent  the  acutal  landfill  SW  left  behind  when  metals, 
glass,  plastics,  and  wood  have  been  removed  i.e..  gross  and 
fine  picked.  The  artificial  waste  oonsisted  of  office  paper, 
newepaper,  and  dog  food,  the  last  ingredient  being  added  to 
represent  the  food  portion  in  an  HSM  sample.  The  office  paper 
and  newspaper  were  finely  shredded.  The  dog  food  consisted  of 

ground,  and  finally  the  entire  nixcute  homogenized  as  well  ae 


poseible. 


The  inaert  waa  packed  with  60  g of  the  artificial  8H  at 
a packing  denaity  of  300  Ib/yd’.  This  denaity  waa  chosen 
because  It  repcesenta  the  density  of  8W  in  a packing  truck, 
i.e.  300-400  Ib/yd^  The  packing  involved  detemining  the 
volune  of  Che  insert  and  how  much  SW  would  bo  needed  Co  yield 
a packing  density  of  300  lb/yd^  Volatile  solids  analyses  on 
Che  8N  were  performed  in  triplicate  according  to  standard 


Fixed  and  Volatile  Solids,  pp.  3-77. 


During  setup,  c 


appropiate  volume 


1 operated  in  the  a 


eplked  with  Hg  prior  to  being  placed 
:s.  Spiking  wae  done  by  adding  the 
00  ug  Hg/L  standard  co  the  sw.  These 


placed  into  the  reactore  and  600  mL  of  leachate  from  another 
digester  was  uaed  as  the  innoculum  in  each  reactor.  Initial 
analyses  of  methane.  pH,  VFAs,  volatile  solids  and  Hg  levels 
wsre  perfomed  on  separate  eamplee  of  the  5H  and  the  leachate. 


controls.  They  contained 


were  not  epDced  with  H9.  Th' 
different  Hg  levels,  nanel/  14 


controls,  b 

basis,  the  liquid  levels  i 

hour  period.  The  valves  leading  from  the  reaotors  were  then 

samples  without  introducing  air  to  the  syatem.  After  gas 
sample  collection,  the  reactors  were  inverted  to  allow  for 
reoireulation  of  the  leachate  and  also  to  flush  out  the 
volatile  fatty  acids.  The  reactors  remained  inverted  for  a 
period  of  about  30  minutes  and  then  returned  to  their 
original  position  after  which  leachate  samples  were  collected. 
Liquid  levels  in  the 


run  for  the  analysis  of  Hg  in  the  gas  phase.  The  leachate  was 
also  analysed  for  Hg  at  the  completion  of  the  reactor  run.  it 
was  imperative  that  the  solids  not  be  sampled  until  the  run 


B complete,  ocherwiee  the  e 


couple  of  days  as  the  conetant  aampllng  would  create  holes 
large  enough  for  the  introduction  of  sir  into  the  ayetem.  thus 

tightening  the  tiea  on  the  tygon  tubing,  tightening  the  screw 

liquid  leahe.  The  temperature  on  the  inci:bator  was  also 
checked  regularly  to  ensure  that  it  was  being  maintained  at 

that  the  temperature  couli 


in  triplicate.  A portion  of  the  sample  was  dried  at  1QS*C  for 
24  hours  to  determine  the  moisture  content,  after  which  it  was 
placed  in  a SSO’C  oven  to  ash.  The  difference  between  the 
dried  solids  and  Che  ashed  aolide  provided  volatile  solids 


indictees 


the  Semple.  A smaller  percencage  of  volatile 
sample  would  iadicace  lees  organic  raatcer  and 
re  highly  stabilized  sample.  Volatile  solids 
a potential  degree  of  waste  decomposition. 


first  seven  days,  and  then  every  other  day  afterwards.  The 
samples  were  taken  prior  to  the  recycling  of  leachate.  The 
aeptum  at  the  cop  tee  of  the  reactor  allowed  for  access  with 
a ID  mL  syringe.  Samples  were  taken  to  the  laboratory  right 
after  collectitn  and  analyzed  immediately.  These  samples  were 
run  in  triplicate  for  statiatlosl  purposes. 

Gas  composition  analysis  for  CH*.  COjj  Oj  and  Nj  was 


measured  on  a Fisher  Model  1200  Gas  Pertitioner  chromatograph 
equipped  with  two  stainless  steel  columns  and  a thermal 
conductivity  detector-  A 10  mL  aliquot  of  gas  was  injected 
manually  into  a sampling  loop  which  conducted  sample  into  each 
of  two  columns.  The  first  column  was  2 m x 3.2  mm  packed 
with  80/100  mesh  Poropak  Q (Supelco  Inc.)  used  for  the 
separation  end  detection  of  COj,  and  the  second  column  was 
3.35  m X a. 8 mm  packed  with  60/80  mesh  molecular  sieve  13X 


(Supelco, 


the  separation  of  O3,  Nj, 


coliicim  temperature  was  SfC,  the  detector  bridge  current  was 
175  mA,  and  the  attenuator  wee  aet  at  4.  Helium  was  the 


initially  Injected  to  make  sure  that 


Volatile  Patty  Belde 


was  added  and  Che  weight  recorded.  The 


Standard  gaa 
compounds  were 


inacrument  \ 


a 1 L volumetric 
hundred  tnL  of 


Phosphoric  acid  was  added  slowly  to  the  water  in  the  X L 
flask.  The  ieobucyrlc  acid  eolution  waa  then  added  to  the  1 
L flaak  and  the  10  nL  flaek  was  rinsed  six  times  with  DDDX 


isobutycic  acid  solution  was  decanted  into  a 1 L amber  bottle 
and  aealed  with  a teflon  cap.  This  bottle  was  than  labeled 
'VFA  Internal  Standard”  and  dated. 


HexC.  another  10  eoL  volumetric  flask  was  cared  and  1 g 
each  of  acetic,  propionic,  butyric,  ieovaleric,  and  valeric 


reseroed  between  aclde.  The  10  nl>  flask  was  then  filled  to 
the  line  with  DDDI  water  and  mixed.  To  a 1 L volumetric 


mixed  well.  The  acids  solution  was  than  decanted  into  a 1 L 
amber  bottle  and  sealed  with  a teflon  cap.  It  was  labelled 

standard  solution  and  the  VFA  calibration  standard  solution 
were  kept  rafrigerated  between  uses.  These  were  made  fresh 


r preservation  purposes. 


e collected  £< 


mplea  were  collected  through  the 
e reactor  after  Che  recycling  o 
s performed  ueing  a needle  on  a 


0 mb  syringe. 


le  unfiltered  leachate  sample  was  stabilized  w. 
PO(.  This  was  then  distributed  into  three  2 


si,  111.1^  o£  the  internal  standard,  isobutyric  acid,  waa 
led,  followed  by  1 mL  o£  the  centrifuged  eupematant  sanple. 
e sample  vials  were  Chen  sealed  and  nixed  by  vortex.  At 


this  point,  the  sample 
were  run  in  triplicate 
Leachate  Analysis 
A Shiotadzu 
(GC/m)  fitted  with  ar 
n X 2 nm  glass  colunn 
W/AW  (Supelco,  Inc.)  w« 


e samples 


concentration  i 


sampler  and  equipped  w 
t sp-iooo  on  100/120  z 
t Cor  vpA  analysis  (chynowech  at 


analyzed  were  acetate,  propionate,  isobucyrate,  butyrate, 
isovalerete,  and  valerate.  One  nicroliter  of  sample  was 


OH  Artalveifl 

Prior  CO  VPA  analysis,  pH  was  deCemined  cm  Che  leaohace 
aainples  ChaC  were  collected.  A Fisher  pH  cieCer,  loodel  A8Q5  MP 
was  used  after  calibration  with  pH  4.0  and  0.0  Cruffers. 
Mercury  Analyses 


WSM  Mercury  Analvaia 

after  the  reactor  run,  thus  proyiding  initial  and  final  I 
concentrations  in  the  sn.  This  involved  using  the  digestl, 
procedure  described  in  EPA  Method  7401. 

The  solid  samples  were  collected  at  the  end  of  t: 

mixed  SB  well  as  possible.  If  analysis  was  not  going  Co  ' 


pecfomed  ac  chat  cime,  Chen  Che  bags  were  placed  in  the 


Carbon  Trap  aamplino 


The  carbon  crapa  were  removed  by  clamping  both  ends  of 
the  tygon  tubing  entering  and  Isaving  ths  traps  so  as  not  to 
allow  for  the  introduction  of  air.  When  the  traps  wsrs 


analyssd 


Hg  {Vidic  and  McLaughlin,  1S9S;  Kriahnan  at  al. , 1994,  Mofficc 
Carbon  Trap  hnalvala  and  Mathad  Pav1crvr«Tir 

phaaa  was  passsd  through  it.  The  usual  EPA  method  for  the 
determination  of  Hg  in  solid  material  had  to  be  tested  end 
modified  as  neceseary  to  achieve  full  zecovery  of  Hg  from  Che 


tested  for  their  ability  to  trap  elemental  Hg.  This  was 
performed  by  reducing  a known  Hg  standard  in  eolution  to  the 
elemental  form  by  using  the  reductant  stannous  chloride  in  the 
MHS-10  cold  vapor  unit.  The  standard  samples  were  analysed  Co 


eXenencal  Hg  being  passed  chougb  bhe  tube  since  Crapping 
conplecely  eXiioinated  any  absorbance  as  measured  by  the  AA. 


described  i 


n observed  that  Che  BPA  digestion  procedure 
Be  Z could  not  recover  any  of  Che  Hg  caught  on 
I.  The  literature  was  exhausted  for  means  to 
the  S-impregnated  carbon  craps,  but  no  reports 
apparently  reguired  a stronger  digestion  step 


peroxydisulfate  were  used  in  the  Hg  digestion  of  the  carbon 
crape.  The  firsc  modification  of  Che  method  involved  using  10 


mL  of  distilled  d( 
ammonium  peroxydisulfate,  but  n 


peroxydisulfate  and  the  time  in  the  water  bath  lengthened  to 
over  two  hours.  This  time,  the  Hg  recovered  from  the  traps 
was  >9fie.  The  modified  digestion  procedure  was  repeated  to 
confirm  these  recoveries  end  they  were  found  to  be  reprocible. 


of  Hg  in  sulfur  impregDaced  c. 
development  for  Hg  analysis  of 
io  Che  Results  section- 


lab  for  analyses,  if  analyses  were  not  going  do  be  done  right 
away,  Che  samples  were  placed  in  a freezer  until  such  tine. 

The  Rg  in  Che  leachate  samplea  was  determined  using  EPA 
Method  7470  which  is  a cold  vapor  atonic  absorption  procedure 

extracts,  aqueous  wastes,  and  groundwaters.  It  can  also  be 

EPA  Method  7471  is  better  suited  for  sludge  analyses. 

EPA  Method  7470  involved  transferring  lOO  nL  of  the 
sample,  in  this  case,  Isachace,  CO  sn  acid  rinsed  300  mt  GOD 

OIL  of  pocaeeiun  permanganate  (50  g/L)  , and  8 nL  of  ammonium 


peroxytUsulfate  (50  g/L)  were  added  to  Che  digestion  mixture. 
The  sample  was  heated  at  05*C  for  one  to  two  hours.  It  was 
not  necessary  Co  add  any  extra  potassium  permanganate  as  the 
leachate  samples  were  not  prone  to  change  color.  Upon 
f digestion,  samples  were  cooled  and  decolorised 
of  hydroxylamlne  hydrochloride 


e anaerobic 


chloride  per  liter  of  deionized  water  solution) . Figure  3-12 

Tvean  Tubing  BxDsrlment  tor  Wercurv 

room  temperature  (240  to  absorb  elemental  Hg  e 
tubing  was  used  to  connect  the  carbon  traps  t' 

role  that  tygon  tubing  may  or  may  not  play  in 
of  elemental  Hg.  Tygon  cubing  was  attached  cc 
unit  leading  to  the  quartz  cell  and 

whether  tygon  tubing  could  trap  elemental  Hg  and  Bg^'  at  50®C 


e entrapment 


r 


and  whether  Mg'-  could  volaClUte  at  SIPC  and  be  crapped  on  the 
S-inpregnated  activated  carbon.  Ihia  was  a SO  hour  experiment 


There  were  two  pairs  of  flasXe  each  connected  in  series  t< 
pair  of  S-irapregnated  activated  carbon  Crape.  An  aquarium  pi 
with  a total  flow  race  of  30  ml/min  was  attached  to  the  i 
pairs  of  flashs.  All  four  flaska  contained  ODDI  water  . 
wore  apiked  with  100  ng  Hg'-  as  Hg(NO,),.  To  one  pair 
flaska.  SnClj  was  added  to  reduce  the  Kg'*  to  Kg'.  Ko  SnClj  ' 


Although  these  experiments  showed  that  tygon  cubing  did 
trap  either  elenencal  or  divalent  Hg,  the  tygon  cubing 


.0  email  pieces  and  digested  as  in  BPA  M> 
1 run.  The  tygon  cubing  was  analysed 


safety  precaution  in  caae  there  were  other  forms  of  Hg,  1. 
organic  forme  such  as  DHHg,  crapped  by  the  cubing.  Thua, 


anaerobic  digestion 


CHAPTER  4 
RESULTS 

eecclon  will  preeenc  anaerobic  reactor  data  obtained  in  Phase 
II  and  the  last  eection  will  present  Hs  data  obtained  In  Phase 


In  Phase  1.  Che  SH  ooTDposice  sartplee  from  Che  Alachua 
County  landfill,  which  had  been  eplit  up  into  fractions  as 
indicated  in  Chapter  3,  were  analyzed  for  total  Kg.  These 
fractions  had  been  oven  dried  and  were  analyzed  for  Hg  (Hg) 
using  USEPA  Method  7471,  The  Hg  data  chat  were  obtained  for 

remaining  on  #40,  and  passing  #40.  These  fractions  add  up  Co 
a total  of  1004  of  dried  sample  minus  whet  was  included  in 
''gross  picked"  and  "fine  picked"  debris  as  described  in 


Methods 


fractions  for 


which  total  Hg  waa  datermlnad.  The  total  Kg  that  was  conputed 
in  the  varioua  Eractiona  ranged  from  12.5  to  greater  than 

shown  in  Appendix  A. 

It  should  be  noted  chat  in  the  digestion  step,  an  excess 
of  potassium  permanganate  (KMnOJ  , one  of  the  oxidizers,  had 

sample  solution.  The  KMnO.  that  was  required  was  30-45  rL 
versus  the  required  15  cnL  in  the  USEPA  Method. 

fraction  represented  by  Che  total  Hg  concentration  in  that 
fraction  and  adding  the  three  numbers  together.  This  gives  the 

Hg  in  Composite  » £p,C,/10a 

where.  Fj  is  the  weight  percent  of  one  of  the  three  Eractiona, 

fraction  1,  and  i goes  from  1 to  3.  Table  4-2  shows  the 
percentages  that  each  fraction  comprised  of  the  total 


ranged  frooi  32.9  co  L690Q  (ng/g  Ug)  . 

Total  Hg  deceminationa  were  pterformed  to  quantify  the 

Landfill  which  had  received  KSW  from  1973  to  the  pieeenc. 


exiet  in  the  Alachua  County  Landfill  which  probably  result 
frovi  Che  decootposicion  of  discrete  Hg'Ccmtaining  devices  such 


Mercury  c 

ng/g  Hg  CO  5320  ng/g  Hg  w. 
Hg  concentration  for  Che 


f 1100  ng/g  Hg.  T1 


for  the  KSH  samples  from  the  Alachua  County  landfill  and  the 
distribution  of  concentrations  exhibiced  a much  narrower 


Results  from  phase  I established  chat  Hg  did  in  fact 
c in  the  Alachua  Coiuicy  landfill.  The  next  step  was  co 


evaluate  what  happens 


that  occurring  in  the  Alachua  County  landfill.  Data  for  the 
aimulated  landfill  Run  1 are  presented  in  Figures  4-1  to  4-12. 
Run  2 data  are  presented  in  Figures  4-13  to  4-2B.  These 
figures  show  that  the  pH's,  volatile  fatty  acids,  methane,  end 
methane  yield  acted  aa  expected  under  anaerobic  ccmdltions. 

rune  for  all  of  the  reactors  as  lodlcated  in  the  pK  graphs. 
The  pK  was  lowered  to  less  than  7 at  day  S.  but  increased  to 
alkaline  levels  after  day  5.  The  methane  content  initially 
started  around  zero  in  all  cases  because  at  Che  start  of  the 
runs,  mostly  nitrogen  and  oxygen  were  present  until  anaerobic 
conditions  were  established.  The  methane  level  steadily 
increased  from  day  1 until  it  leveled  off  at  around  55t.  The 
volatile  fatty  acids  {VFAs)  were  indicative  of  the  action  of 
the  microbee  in  Che  system  and  at  day  5 it  was  evident  Chat 


The  methane  yield  figuree  are  the  most  important 
determinants  in  establishing  that  the  reactors  were  operating 
under  anaerobic  conditions.  A document  by  Chynoweth  a1. 
(19R1)  provided  data  on  ultimate  methane  yield  values  for 
newspaper  and  office  paper.  The  value  given  for  newspaper  was 


Figure  4-10-  Hun  1 (Control)  Methane  Yield  vs-  Days 
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Figure  4-12.  Run  1 (2000  ng  Kg)  Methane  Yield  vs.  Days 


Figure  4-25.  Run  2 {Control®}  Methane  Yield  va.  Days 


Methane 


Figura  4-27.  Run  2{1000  ng  Kg)  Mechana  Yield  ve.  Days 


212000  ng  Kg) 


0.100  m'/Kg  *VS  oddod”  and  0-36S  mVKg  'VS  addad'  for  office 

newspaper  and  office  paper,  these  are  Che  values  Chat  were 
used  for  the  determination  of  the  expected  yields  of  the 

within  Che  range  0.100  - 0.360  mVKg  'VS  added".  The  methane 
yield  results  for  Run  2 were  higher  chan  that  for  Sun  1 and 
this  is  attributed  to  silicone  being  used  as  a sealant  along 
with  Che  teflon  tape.  In  Run  1 only  teflon  tape  was  used. 
This  section  includes  all  of  the  reactor  data  excluding  '-he 
Hg.  The  raw  data  are  provided  In  Appendix  B. 


solid,  liquid,  and 


from  the  activated 


Che  total  Kg  analysed  performed  on  the 

ilid  phase  was  the  SH,  the  liquid  phase 
.he  gas  phase  Included  the  contributions 
'bon  traps  and  Chs  cygon  tubing  leading 


compilation  of  the  Hg  mass  balances.  The  data  from  Che 
individual  rune  are  presented  in  figures  4-29  to  4-35. 


In  doing  the  Hg  mass  balances,  it 


levels  recovered 


originally  apiked  ii 


Reaecors  7,  B,  and  9 were  spliced  with  2000  ng  of  Hg  and 
50.  4S,  and  42  ng  Bg,  respectively,  were  found  in  Che  carbon 

detecced  In  Che  leachace  in  any  of  these  reactors.  The  Hg 

7.  S.  and  9,  respeccively.  This  accounted  for  BSV,  74k  and 
9S%  of  the  total  Hg  added,  again  not  including  the  6 g of  SW 
chat  were  removed  for  volatile  solids  analysis. 

Run  2 Reactors  1.  2.  and  1 again  served  as  controls  and 
received  no  Kg.  In  these  reactors,  there  was  no  Hg  detected  in 


detected  1' 


the  SH.  but  the  values  were 


was  reiDDved  for  volatile  solids  analysis.  The 


CHAPTER  5 
DISCUSSION 


i Phase  I experimenter  the  data  shoved  that  there 
the  Alachua  County  Landfill.  The  average 

half  of  the  values  being  below  150  ng/g.  Figure  S-1  shove  the 
frequency  distribution  of  Hg  obtained  in  composite  samples 
from  the  Alachua  County  Landfill.  From  the  figure,  it  is 

fewer  aamplee  appearing  at  the  ocher  concancrations.  However, 
five  values  exceeded  1000  ng/g  with  one  exceeding  16.000  ng/g. 
These  values  are  important  in  that  they  are  considerably 
higher  than  background  Hg  concentrations  in  Florida  soils 


which  range  from  0.5  ng/g  to  43  ng/g  (Ma  £1  al.  1997). 
However.  they  are  considerably  lower  than  current  target 
clean-up  levels  set  by  Florida  DEP  for  soil.  The  target  value 
Cor  Hg  in  residential  soil  is  23.000  ng/g  and  in  industrial 


eoil  is  480,000  ng/s  {Florida  Deparcnenc  of  Snvlronmencal 
Frotection,  1895)  . The  naximun  concencrarion  for  Hg  in  sewage 
sludge  ae  set  forth  in  CFR  40  Part  501  ie  St.OQO  ng/g  {Code  of 
Federal  Regulations,  199T)  , Thus,  if  the  Alachua  Count/ 
Landfill  were  to  be  reclaimed  and  the  SW  reeidue  taken  out  and 
land  applied,  it  would  meet  requirements  for  Hg  that  are  much 
more  stringent  than  is  currently  required  for  eewage  sludge. 

but  are  still  well  below  the  regulatory  limits. 

LF5  1,  LFS  3 and  LF9  5 are  sites  on  a fairly  new  portion 
of  the  landfill  and  therefore  might  be  expected  to  contain 
lower  levels  of  Hg  due  to  modem  recycling  efforts,  A 
comparison  of  Hg  concentratione  found  in  LFS  3 and  LPS  4, 
which  differed  only  in  age  and  the  presence  of  a liner,  showed 
e actually  lower  at  LFS  4 than  at 


LFS  3 but  the  differences  were  not  significant  at  the  58 
probability  level.  LFS  4 received  MSW  beginning  in  1973  while 
LFS  2 began  receiving  MSW  in  1588,  the  year  that  disposal  of 
batteries  in  MSH  landfills  was  prohibited.  Although  there 
have  been  recycling  efforte  for  household  batteries  that 


landfills  via  ocher 


roes  such  as  Hg  light  swiccbes, 
tC  residues,  fever  thermostats, 
d special  paper  coating  (Bureau  of 


The  Hg  levels  determined  in  the  SW  fractions  in  Table  4-1 
ranged  from  12,5  ng/g  to  greater  than  70,000  ng/g  Hg,  The  Hg 

i5,aoQ  ng/g  Hg,  Table  4-3  ie  missing  Hg  concentration  data 
for  some  composite  aanplea.  These  missing  data  resulted  from 
Che  fact  Chat  dry  weight  data  for  some  siee  fractions  were  not 
available.  In  addition,  for  some  core  eaisplea,  one  or  more 
fractions  were  missing  and  could  not  be  analyzed  for  Hg. 
However,  in  spite  of  the  missing  fractions  and  weight  data, 
results  for  composite  samples  were  calculated  for  93  core 
samples.  Thia  number  ahould  be  sufficient  to  say  something 
about  Hg  concentrations  in  the  Alachua  County  Landfill.  It  Is 


representative 


municipalities 


Che  liceracure  did  not  yield  Hg  data  from  ocher  landfilla  to 
allow  validation  o£  this  aseunpcion. 

Samplee  were  taken  £roro  all  five  areas  of  the  landfill  , 
i.e.  LPS  1 to  LFS  5.  LPS  1 and  LFS  2 were  among  the  more 


ceoenc  additions  to  the  landfill,  with  LFS  1 having  leachace 
recycling  and  LFS  2 acting  ae  a control  without  leachate 
recycling.  Thus  a comparison  of  Kg  concentrations  in  LFS  i 
and  LFS  2 would  show  the  effect  of  leachate  recycling,  ha  a 
result  of  leachace  recycling,  LFS  1 would  have  enhanced 
microbial  activity  due  to  the  higher  moisture  concent  chan 
would  LPS  2.  The  enhanced  microbial  activity  would  accelerate 
Che  degradation  race  of  the  SW.  Oitferencee  between  LFS  1 and 
ach  depth  and  the  results  are  shown 


probability  level  based  on  scudent'e  cwo-called  t-test. 

‘ Number  in  parentheses  are  the  number  of  observations  for 


Thus  leachate  recycling  did  not  affect  the  total  amount  of  Hg 
remaining  in  the  eolid  realduea.  Since  LPS  1 and  LFS2  vere 
both  from  lined  areas,  the  only  way  that  they  could  differ  in 
Hg  concentration  ie  if  Hg  volatiliaation  wae  different.  Thus, 
leachate  recycling  did  not  appear  to  affect  Hg  volatiliaation 
However,  leachate  recycling  did  affect  the  dietribution  of  Kg 
with  depth.  At  LFS  1,  the  Hg  concentrationa  were  fairly 
conaiatant  with  depth,  ranging  frceo  1S2  ng/g  in  Che  top  layer 

significant  (Fig,  S<a)  Thus,  leachate  recycling  resulted  in 
a more  even  diatrlhution  of  Hg  from  the  cop  layer  (1,52  - 4,57 

Confidence  intervals  (9St)  were  calculated  using  the 


where  tg  represents  the  two-tailed  test  at  a probability 
valus  of  0,05  for  a given  value  of  degrees  of  freadom.  The 
Oo.oft  values  were  obtained  from  snedecor  and  Cochran  (1968)  . 


e standard  error  and 
using  Che  standard  daviatlon  divided  ) 
freedom-  The  error  bar  on  the  9.14  • 12.1 
(Pig,  5-1)  Is  very  large  for  two  reasons . 


this  ia  determined 


consisted  of  only  three  observations,  yielding  a small  number 
of  degrees  of  freedom  end  a relatively  high  value. 

ng/g.  resulting  in  a large  standard  deviation. 

conpuced  for  tbe  depths  also  exhibited  a considerable  range, 
i.e.  3S-5  ng/g  at  the  top  CO  234  ng/g  Hg  at  Che  bottom. 
Confidence  intervals  (S54)  for  each  depth  (Figure  5-21  showed 
chat  Che  cop  layer  (0  - 3. OS  n)  at  LPS  2 was  significantly 

differ  significantly  In  their  Hg 
trend  of  increasing  Kg  C( 


layers  (Table  4-2) . This 

deepeet  layers.  Leachate  recycling 
mly  dietribucing  Hg,  and  maybe  other 
residue,  eo  that  the  highest 
le  lowest  layers.  These  data  also 


depths 


leach  downward  through  a landfill 


and  that  aoll  and  groundwater  contamination  with  Hg  could  pose 
a threat  in  the  caae  c£  unlined  landfille. 


only  depth  Cor  which  Hg  data  w 


a alao  performed  fi 
e available  at  LPl 


3 involved 
e at  Che  landfill 


metals^  including  Hg,  do 


coneticute  a elgnificant 


Table  5-2.  Mean  Hg  concentrations  in  composite  samples  for 
LFS  2 and  LFS  4 Alaohua  County  Landfill 


Means  were  not  significantly  different 
probability  level  baeed  on  student's  tu 


observations  for 


polXutioQ  problen  ac  landfille 
Che  leachace  and  strong 


w concentraciona  i 
ould  ba  attributed  to 


y result  from  the  fact 
11  roahing  their  way  in 


the  Alachua  County  Landfill, 
hat  many  Kg-containlng  devicee 
> landfills. 

253  ng/g  and  495  ng/g  for  chat 

s being  excluded  from  the  entire  data 
ng/g  for  the  fraction  remaining  on  6 
and  10,400  ng/g  for  Che  fraction 
It  was  assumed  chat  these  extremely 


three  fractions  were  295  ng/g 
remaining  on  a 6 nm,  passing 
the  940  serve,  respectively.  ] 

amounted  to  three  numbers  bei 


high  values  resulted  irom  sampling  directly  into  a battery  or 
some  other  Hg  containing  device  and  were  not  representative  of 
the  concentrations  typically  found  in  SM  (see  Fig-  5-1) . 

Table  5-1  shows  that  the  largest  concentrations  of  Hg 


passing  a S40  sieve  at  this  site 
missing  from  storage.  Mercury  cc 


these  sairples  w 


3 (i.e..  both  being  approximately  the  same  age  and  both  being 
onlined  sites) . Ho  explanation  can  be  given  for  this  find-ing. 
However,  it  has  been  suggested  (Dr.  J.F.K.  Sarle,  Personal 
Cosuminication)  that  perhaps  this  sice  was  the  recipient  of 
medical  and  biological  wastes  chat  the  landfill  routinely 
accepted  at  the  time  LF5  3 was  being  filled.  These  wastes  nay 
have  contained  higher  concentrations  of  Hg  chan  conventional 
MSH.  In  C)ie  discussion  Chat  follows,  one  should  heap  in  mind 
c)iat  something  was  definitely  different  about  the  M5W  chat 
wae  loaded  Into  LP5  3 chan  chat  for  the  ocher  four  eitea. 


fraction  remaining  on 


values  ranged  from  6: 


£racclon,  th 
wdd  expeoced 


: in  the  fraction  paaalng  #40  sieve  which 
at  fraction  contained  mostly  sand  and  had 
f volatile  solids  (Table  5-4] . The  lower 
probably  accounted 
' aiDounts  of  Ug  that  were  bound  to  these  residues. 

generally  had  a higher 
volatile  solids  content  than  that  remaining  on  a #40  sieve 
{Table  5-4).  this  suggeets  that  the  organic  natter  in  the 
latter  fraction  was  more  reactive  toward  Kg.  This  could  have 
been  due  to  a larger  surface  area  and/or  a more  decomposed 
state  for  organic  matter  in  the  fraction  passing  the  6 mn 
sieve  compared  to  that  remaining  on  the  6 mtn  sieve. 

the  sites  was  incrsasing  Hg  with  increasing  dspth.  except  at 
depths,  so  that  thers  was  no  concentration  effect  at  the 


loweet  depth.  The  eicea  without  leachate  recycling  Indicated 
that  there  wae  poaaibly  some  leaching  of  Hg  taking  place.  If 
that  ia  the  caae,  Chen  for  unllned  landfilla,  there  ie  a 
poaeibility  Chat  Hg  could  be  getting  into  the  groundwater 
ayeteia.  chrieceneen  fit  al.  (1994)  reported  Kg  concentraciona 
in  landfill  leachate  for  landfilla  of  leaa  than  20  yeara  of 

Thua,  Che  potential  for  Kg  to  leach  through  landfills  ia  quite 


An  important  part  of  Che  Phase 

at  Ai..  1994;  and  MoffiCC  and  Xupal,  1971).  It  was  stated 
Chat  aulfur-impregnaced  activated  carbon  enhanced  Hg  removal 


^-impregnated  types,  due  Co  HgS  formation 


carbon  aucfacaa.  This  cheraiaorptlon  process  was  enhanced  by 
ten^eracures  becwoen  25*C  and  90^^  resulting  in  increased 
removal  of  slemenCal  Hg.  It  was  stated  that  at  a temperature 
of  140*C,  there  was  a decrease  in  adsorptive  capacity,  thus  a 
decrease  in  HgS  formation  (Vidic  and  McLaughlin,  1996? 
Krishnan  at  dl- , 1994}.  The  problem  with  these  reports  waa 
that  they  did  not  indicate  how  to  desorb  the  crapped  Hg  from 
the  impregnated  activated  carbons.  Desorbing  trapped  Rg  was 
imperative  in  this  study  in  order  to  quantify  the  amount  of  Hg 

Krishnan  ol.  11994}  used  high  temperatures  to  desorb 
the  trapped  Kg  from  the  carbon  while  MoffltC  and  Kupel  (1971} 
stated  thet  the  impregnated  cliarcoal  was  analysed  by  AA9,  The 
9'iinpregnated  activated  carbon  used  in  the  method  development 

and  they  state  that  it  ia  capable  of  trapping  99-9V  of  the 
elemental  Kg  in  a gaa  stream.  This  proved  to  lie  true  in  the 
Initial  experiments  of  this  study  that  were  performed  Co 

elemental  Hg  Chat  wae  paesed  through  it,  but  the  problem  that 
arose  was  how  to  desorb  Che  Hg  from  it.  The  tJSGPA  Method  7471 
for  determination  of  total  Kg  in  solid  material  was  not 


flufflciont  to  enabla  desorption  of  the  trapped  Hg-  Therefore, 
a modification  of  this  method  was  developed  to  recover  the 
trapped  Hg  from  the  carbon.  This  modification  is  shown  in 
rigure  3>1D.  The  development  of  this  method  was  very 
important  for  the  Phase  II  experiments  because  it  was 
important  to  quantify  Che  Hg  chat  existed  in  the  gaseous 
phase.  The  modified  method  yielded  >98i  recovery  of  the  Hg 
that  was  eorbed  to  Che  3-impregnaced  activated  carbon. 

setup  of  a syetem  to  teat  two  hypotheses:  (IJ  chat  cygon 
tubing  may  be  able  to  trap  elemental  Hg  and  Kg'-  at  80‘C,  and 
(2)  that  Hg“*  in  the  nitrate  form  may  be  volatilired  at  50"C 
and  trapped  on  the  5-impregnated  activated  carbon.  The  Merck 
Index  (1989)  atates  that  HgCla  volatilizes  unchanged  at  30D”C 
and  volatilizes  appreciably  at  100*C.  Thus  it  was  itTporcanC  to 
know  if  Hg*'  in  Che  nitrate  form  could  volatilize  at  5(fC.  Thia 
was  a 60  hour  experiment  that  waa  sec  up  in  an  incubator  room 
chat  operated  at  50"C.  There  were  tour  flasks  altogether, 
hooked  up  to  S-lmpregnaCed  activated  carbon  Craps  and  also 
attached  Co  a pump  that  hed  a total  flow  rata  cf  30  mL/min. 


ng  Hg^'  as  Hg(KO,]g.  However,  two  flasks  also  received  SnCl,  to 

It  was  found  that  essentially  all  of  the  Kg  in  the  two 
flasks  that  received  Sncl,  was  trapped  on  the  carbon  and  there 
was  none  la  the  cygon  tubing,  thus  indicating  that  even  at 
50*C,  tygon  tubing  ie  not  able  to  trap  elemental  Hg,  In  the 

found  in  the  tygon  tubing,  but  30-15%  of  the  Hg  was  found  in 
the  carbon  crape.  This  proved  chat  Hg**  has  the  ability  Co 

Cubing.  Thua,  any  Hg  found  in  Che  tygon  tubing  cannot  be 
attributed  to  volatilization  of  elemental  Hg  or  Hg**.  The 

tygon  tubing  following  the  reactor  experiments,  Chen  other 
forma  of  Hg  were  probably  being  volatilized,  Tygon  tubing  has 
Che  ability  Co  crap  organic  vapore  {Dr.  R-D.  Rhue.  Personal 
CoomunicaCion) , therefore  in  the  case  of  Hg,  Che  forms  chst 
would  be  expected  to  be  trapped  in  the  tubing  would  be  the 
organic  forme,  possibly  including  dimethylmercury.  Also,  the 
desth  in  195*7  of  Dr.  Karan  tfecterhahn  resulted  from 
dimethylmercury  penetrating  her  latex  gloves  indicating  that 
polymer-type  reateriale  can  absorb  dimethylmercury. 


phase  II  was  conducted  in  order 
Hg  in  landfills  and  involved  Che  use  c 
siinulate  the  processes  occurring 


anaerobic  digesters  ti 
a landfill.  Thes> 


as  well  as  a mass  balance  in  determining  Che  face  of  Hg.  The 
mixture  of  the  5H  used  in  the  simulated  landfill  ayacems  or 
reactors  was  assumed  to  be  representative  of  the  normal  waste 

contribuCea  30  Co  50%  of  MSW  and  is  normally  considered  the 

waste.  In  the  report  by  ovens  and  chynoveth  <1993) . 
biochemical  methane  potentials  (Ixi^)  were  determined  for  yard 

packaging.  The  ultimate  methane  yields  that  were  determined 
from  these  cor^onents  provided  a basia  on  which  to  evaluate 
the  digester  results  in  this  study.  For  office  paper, 
unprlnted  newspaper,  and  printed  newspaper,  the  ultimate 
methane  yields  ware  0.399,  0.084.  and  0.100  m’/hg. 

t digesters,  it  was  Important  for  the 


i€  paraaiecere.  Pigiores  4-10 


e are  four  najor  microbial  etepa  involved  in  the 
digestion  process,  namely  1)  Hydrolysis.  2] 
Fermentation,  1)  Acidogenesis,  and  4)  Methanogeneeie. 
Hydrolysis  involves  hydrolytic  bacteria  breaking  down  complex 
organic  compounds  {carbohydrates,  lipids,  and  proteins)  into 
simpler  units  )tnown  as  monomers.  Fermentation  involves 
fermentative  bacteria  acting  on  theae  monomera  to  produce 

products  are  converted  to  hydrogen,  carbon  dioxide,  and 
acetate  by  acid-producing  bacteria.  Specifically,  hydrogen  - 
producing  acetogenic  bacteria  are  responsible  for  converting 
hydrolysis  and  fermentation  products  to  acetate,  hydrogen,  and 
carbon  dioxide,  while  homoacetogenic  bacteria  ferment 
hydrogen,  carbon  dioxide,  and  formate  to  acetate.  In  the 
fourth  and  final  stage  called  m 

to  methane  and  carbon  dioxide  and  Che  other  reduces 
dioxids  to  methane  (Earle  fit  fil,  1991;  Chynowech  s 


Therefore. 


exhibit  these  steps.  The  two  most  aotable  steps  would  be  the 
acid-foming  step  which  would  be  represented  by  a drop  in  pH 
and  the  mechanogenic  step  which  would  be  represented  by  a 
steady  increase  In  methane  content  until  there  is  a 


Indicated  that  the 


reactors  in  both  runs  were  behaving  as  expected  under 
anaerobic  conditions.  In  Pun  1,  the  pH  data  showed  a decrease 
from  originally  7,5  to  5.5  at  roughly  day  5 indicating  chat 
the  acid  forming  bacteria  were  active  at  that  time.  The 


and  1400  for  Reactors  6 and  9^  respectively.  Additional  pea)cs 

yield  graphs  {Figures  4-10  to  4-12)  were  all  quite  consistent 
and  indicated  chat  the  reactors  were  operating  properly.  They 
yielded  greater  than  0.100  mVKg  "VS  added"  which  indicated 

decrease  from  d.6  to  4.6  at  day  1 to  day  4.  This  icnplied  that 
the  acid-forming  bacteria  came  into  play  one  day  earlier 
compared  to  Run  1.  The  percent  methane  (Figure  4-17  to  4-20) 
also  pea)ted  at  about  534  at  an  aarlier  day,  i.e.  day  4.  The 
WAS  in  Figure  4-21  increased  to  2500  ng/L  at  day  3 and  then 
to  greater  than  7000  mg/L  at  day  7.  In  Figure  4-32,  Che  WAS 
increased  to  2000  mg/L  at  day  3 and  Chen  Co  greater  chan  4000 
mg/L  at  day  8.  in  Figure  4-23,  there  was  a marked  Increase  in 


n days  6 and  8 


: 3000  mg/L  and  Chen  increased 
■er  chan  5000  mg/L.  In  Figure  4- 
ae  CO  1800  mg/L  at  day  3 and  Chen 
4000  mg/L  ac  day  4.  The  methane 


fittings 


while  in  Run  1 only  teflon  tepe  wea  uaed.  The  silicone,  along 
with  Che  teflon  cape  seemed  Co  make  che  reactor  ayatem  more 
alr-cight.  The  gaa  production  in  Run  2 was  higher  Chan  Run 
1 even  though  both  methane  yields  fell  within  accepcable 

In  Figure  4-27,  Che  methane  yield  for  reactor  7 (R7)  waa 
lower  tban  that  for  reactor  6 (RS)  . R7  waa  nearly  0.25  mVRg 
*vs  added’  whereas  R5  was  0.20  n‘/Kg  ’VS  added’.  Lab  notes 
showed  Chat  air  was  accidencally  let  in.  Figure  4-28  showed 
a lower  methane  yield  in  R9  Chan  R6.  R8  showed  a value  of 
0.23  mVKg  "Vfi  added’  whereas  R8  showed  a value  of  0.17  raVKg 
"V5  added’.  Although  R8  had  a lower  value  chan  R8,  it  was 
still  within  Che  accepcable  limite  stated  previously.  R8  had 
several  problems  including  leaky  septum.  These  problems  were 
not  ’fatal"  to  the  system,  but  were  considered  nuisances. 

To  help  explain  the  data,  it  is  necessary  to  understand 
Che  role  of  microorganisms  in  these  aystema.  During  anaerobic 

methane  may  influence  the  transformations  of  Hg  in  this 
system.  In  this  syacem,  che  main  cransfonnatlona  which  occur 
are  reduction  and  mechylacion.  Mercury  muac  be  in  the 


Hg>-  * RCH, > CH.Hg-  . R- 


5CH,Hg-  ♦ HjS > (CH,),B9  * HgS  * SH'  (2) 


larger  than  that  for  dinechylnercury.  Thus,  in  moat 
envltonneneal  ayscems  only  about  3*  of  no 


digesters  (reactors)  this  percentage  may  be  greater  since  the 
eystem  exists  under  noscly  aDuline  conditions  which  are  more 
conducive  to  formation  of  dimethylmercury . 

Lindgvist  and  schroeder  (1989)  implied  that 
cransfcrmatione  of  divalent  Hg  to  monomethylmercury  by 
bacteria  are  mechanisms  of  detoxification  and  excretion. 
Gilmour  and  Henry  (1991)  suggested  that  sulfur-reducing 
)iacteria  may  also  produce  methylmercury.  but  due  to  the  fact 


amount  of  sulfur  reducers  a 
production.  The  eulfur  e)ia 
form  of  hydrogen  sulfide  wou 
Hg  to  mercuric  eulfide  (HgS) 
would  precipitate  (Gilmour  a 


hat  can  occur  is  the  reduction 
of  monovalent  and  divalent  Ug  to  elemental  Hg  which  can  be 

detoxification  mechaniame  for  methylmercury  chat  reduces  it  Co 
elemental  Mg  plus  methane  (Brodt  and  Hadigan,  1980) . Soma  of 


baccerial  bacterial 

CH^g-  > Hg"  - CH. 

chemical  bacterial 

•Hg-Hg-  » Hg^-  ♦ Hg* 


bacterial 


Hg* 


Therefore,  all  of  the  above  cransCormationa  of  Hg  may  result 
from  the  action  of  aome  of  the  ocganiaioa  involved  In  methane 
fermentation,  particularly,  methanogena,  aul£ur*reducing 
bacteria,  and  hydrogen  producing  bacteria. 


understanding  of  the  Hg  data  from  the  anaerobic  reactors  that 
was  presented  in  Figures  4-31  to  4-35.  it  was  clear  that  in 


all  of  the  cases,  i.e.,  control  reactors  and  Che  others  spihed 
with  100,  1000,  and  2000  ng  Hg  that  the  majority  of  the  Hg  was 

of  Hg  in  the  gas  phase  ranged  from  30%  to  4B%  of  the  total. 
It  was  previouely  stated  that  dimethylmercury  can  be  formed 
microbially  under  alhalina  conditions  and  with  lower  levela  of 
Kg.  Therefore  the  gaeecjua  phase  Hg  could  have  been  a mixture 
of  dimethylmercury  along  with  elemental  Hg.  Evidence  for  this 


fact  chat  approximately 


volatlll2ed  in  this  treatment  was  found  in  the  tygon  tubing, 
which  was  shown  not  to  react  with  either  Hg*'  or  Hg".  There 
were  generally  only  trace  levels  of  Hg  in  the  leachate 
indicating  that  the  Hg  that  had  not  volatilized  was  tied  up  in 


IS  phase  accounted  fi 


Hg  chat  was  volatilized  since  dinethylnercury  is 
3W  levels  of  Hg.  Another  possibility  could  be  that 


elemental  Hg  which  had  been  converted  directly  by  certain 


In  Che  ceae  oC  the  anaerobic  reactor  with  the  2Q00  ng  Hg 
aplkej  Che  Hg  In  the  gae  phaee  ranged  from  2.1%  to  6.6%,  but 


(noec  of  Che 


6.6%.  Figure  5-3  ehowa  Che  different  Hg  eplklng 
j and  Che  Hg  volatlliaed  (ng)  for  both  rune.  This 
lOC  baaed  on  the  percent  volatilised,  but  on  the 

variable,  especially  for  the  1000  and  3000  ng  Kg 
For  Che  100  ng  Hg  apike,  Che  Hg  volacilised 
30  to  49  ng  Hg.  For  the  1000  ng  Hg  spike,  the  Hg 


2000  ng  Hg  spike,  the  Hg  volacillted  ranged  frocn  42  to  136  ng 
Hg.  This  figure  shows  the  variabllicy  In  Che  aroounta  of  Kg 
volatilised  in  both  runs.  IC  Is  possible  Chat  thla  sane 


variability  will  be  observed  when  aanpling  the  gas  phase  of 
landfills  Co  determine  Hg  volacllisaclon. 

Key  microbes  In  the  conversion  of  divalent  Hg  to 
elemental  Hg  end  dlmechylnercury  or  oechyloercury  to  elemental 
Hg  and  methane  ehould  exist  in  these  reactors  and  may  have 


been  inhibited  or  ouc- 


Hg  concentrations  increased. 


microbe  that  can  absorb  divalent  Hg  into  ice  system  where  it 
eombinea  with  the  cytoplasm  and  is  converted  into  a different 
compound  or  the  volatile  elemental  form.  Other  microbee 
adsorb  divalent  Hg  on  Che  outside  of  their  cell  walls  where  it 
is  converted  directly  into  a volatile  form  (D'ltri  and  C’itri, 
1977) . It  has  also  been  stated  that  the  enzymes  Involved  in 
Hg  volatilization  are  chromcsomally  encoded  in  specific 
bacterial  genera,  namely  Staphylococcus  aureus  and  Bacillus 

The  chemistry  involved  in  the  Hg  binding  and  precipitation 
taJcing  place  in  these  anaerobic  reactors  is  cornplez;.  In 
anaerobic  environments  there  is  a tendency  for  Hg  to  be 
precipitated  as  Che  sulfide  (HgS) . The  inaolublllcy  of  HgS 


makes  it  reeletant  Co  mechylstion,  but  under  aerobic 
conditions,  HgS  may  be  oxidized  Co  the  sulfate  form  which  can 
then  undergo  methylacion.  Under  low  Bh  and  high  pH 
conditions,  HgS  can  be  transforraad  Co  HgSj*',  or  to  the  free 
metal  (Barkay,  1992;  Hil)cen,  1992;  Schuster,  1991)  , The 

in  soil.  Some  of  these  binding  mechanisfoa  would  include:  (1) 
specific  adsorption  - Btcong  binding  due  to  covalent  or 


coordinated  forces:  (2)  chelation  - bound  to  organic 
aubatances;  and  (3)  precipitation  • as  sulfide,  carbonate, 
hydroxide,  phosphate,  etc.  The  two  most  probable  nechaniems 

sulfide  present.  An  intereating  finding  from  this  study  is 
that  there  is  evidence  that  landfills  could  be  responsible  for 


1 the  atmosphere  aa  result  of  waste 
lata  obtained  from  this  study,  an 
f Hg  emitted  from  landfills  in  the 
. This  calculation  was  made  using  the 

a pounds.  2)  the  population  of  Florida 
is  IS  million.  3)  the  average  Hg  concentration  in  M5W  going 
into  the  landfills  is  200  ng/g.  and  4)  Che  percentage  of  Che 

Che  annual  amount  of  Hg  volatlllalng  from  landfills  in  the 
state  of  Florida  is  about  2600  pounds.  To  put  this  number  into 
perspective.  Chu  and  Porcella  (1305)  reported  chat  annual  Hg 


disposal.  Using  the 

state  of  Florida  was  mai 
following  assumptions: 
psr  person  per  day  i. 


Ui«  Oatted 
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SUMMARY  AMD  CONCLUSIONS 


in  municipal  landfills.  Pha- 


hishly  shewed  wlch  some  sample 
£ ng  Hg/g  on  a 


dry  weight 


areas  where  Hg- 


Mercury  was  found  in  all  aacnples  taken  frocn  the  Alachu 
County  Landfill.  While  Hg  concentrations  were  all  wel 
above  background  levels  for  surface  soils  in  Florida 
they  were  two  to  three  orders  of  magnitude  lover  tha 
either  the  current  soil  clean-up  goals  used  by  FDEF  c 


and  sewage  sludge  were  higher  in  Kg  than  the  landfill 
saraples  but  still  far  below  the  regulatory  levels  used  by 
FDEP  and  EFA.  Therefore.  Hg  should  not  be  a problem  is 
landfills  are  reclaimsd  and  the  SH  residue  applied  Co 


Leachate  recycling  at  the  Alachua  County  Landfill 
resulted  in  a more  uniform  distribution  of  Hg  with  depth 

which  leachate  wae  not  recycled. 


found  in  Che  solid  wests  at  Che  end  of  Che  experiments. 
In  le  out  of  18  leachate  samples,  no  Hg  was  detected. 
Very  low  levels  of  Hg  in  leachate  is  consistent  with 
landfill  leachate  data  reported  in  the  licerature. 
Kercury  volatiilaed  during  anaerobic  digestion  of 
artificial  MSW.  The  percentage  volacilired  ranged  from 
over  304  at  Che  lowest  Hg  concentration  to  about  3%  at 
the  highest  Hg  concentration  used.  The  presence  of  Hg  in 
the  tygon  Cubing  connecting  Che  reactor  to  the  carbon 

Bg°  and  Hg*'  were  volatilised.  A review  of  Che  llceracuro 
provided  strong  evidence  Co  support  the  hypothesis  that 
DMHg  can  be  volatilised  under  conditions  that  exist 
during  anaerobic  digestion  of  MSW.  DMHg  snd  possibly 
ocher  volatile  organic  forme  of  Hg  ere  believed 
responsible  for  chs  Hg  associaced  with  Che  cygon  cubing. 
Sulfur-impregnated  carbon  was  used  Co  euceessfully  Crap 
Hg  that  was  volatilised  during  the  anaerobic  digestion 


from  these  carbon  craps. 


However,  a modification  of  the 


Crapped 


parciculdrly 
JOOO  ng  Hg  cr 


Hg 


higher  Kg  concentratione.  AC  che 
e anounta  volatilized  ranged  fron 


volatlllzacion  o£  Hg  « 
rune,  iodicaclng  chat 

PTon  these  conclxisions,  ci 


in  2 lasted  16  days.  However,  the 


(1)  The  recycling 


cnust  increase  if  Che  anounc  of  nercury  chac  is  making  its 

is  beifig  volacilised,  special  Craps  should  be  placed  on 
landfills  to  cepcure  mercury  chat  may  be  escaping  into 

(3)  The  effect  of  leachace  recycling  on  Che  dlscribucion  of 
Hg  in  landfills  should  be  evaluaced  further.  If  the 

ocher  landfilla.  then  chia  effect  should  be  factored  In 


[4)  Further  acudiea  should  be  performed  on  landfills, 
especially  in  Che  South  Florida  region,  to  decennine 
Che  contribution  of  mercury  from  landfills  to  the 


Florida  Sverglades  i 

(5)  hddicional  : 


Dtercury  problem  chac  exists  in  Ch 
cd  surrounding  systems, 
should  bs  designed  to  determine  a 


t stages  during  anaerobic  digestion  o; 


volatilised. 


LandflU 


AfPBUSIX  A 

RAM  MERCURY  DATA  FOR  ALAOfUA  COUNTY  LANDFILL  RESIDUES  AND  PALM 
BEACH  COUNTY  COMPOST 


11 

11 

1 

If 

s 

t 

fi 

jil 

jl 

|J 

!! 

Il 

!■ 

N 

jl 

il 

EiiiiliiAiiiiiiiiiiiiiiiiiiiil 


APPENDIX  B 

RAW  DATA  FOR  ANAEROBIC  REACTORS 
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APPENDIX  C 

KAH  HERCUEY  DATA  FOR  ANAEROBIC  REACTORS 
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